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you liave contributed lo the Family Library, 
the popular character of Bome of the topics whid 
belong to this branch of Demonology may atom 
for the defects of tlie following Letters ; and I shal 
deem it no slight honour if they fihall be con^ 
aidered as foiming an appropriate supplement t( 
your valuable work. 

The subject of Natural Magic ia one of grea 
extent as well as of deep interest. In its wides 
range, it embraces the history of the govemmenti 
and the Buperstitione of ancient times, — of thi 
means by which they maintained their influenci 
over the human mind, — of llie 
they derived from the arts and the e 
from a knowledge of the powers and plie 
nature. When the tyrants of antiquity were unj 
able or unwilling to found their sovereignty ofl 
the affections and interests of their people, tbeW 
sought to entrench themselves in the Btronghold!fl| 
of Bupematunil intSuence, and to rule with the dele»^ 
gated authority of Ilea ven. The prince, the priest*} 
and the sage were leagued in a dark conspiracy] 
to deceive and enslave their species; and man who' J 
refused his Eubmission to a being like himself, be'*',] 
came the obedient slave of a spiritual dcspotisiii^ 
and willingly bound himself in chains when they i 
seemed to have been forged by the gods. 

This ej-stem of imposture was greatly favouredt;! 
by the ignorance of these early ages. The humaiw 
mind ia at all times fond of the marvellous, and the^l 
credulity of the individual may be often measureda 
by his own attachment to the truth. When know-| 
ledge was the property of only one caste, it was by fl 
ao means difficult to employ it in the euhjugation ] 
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of the great niasB of Bi>ciety. An ac<juiiiTitatiec 
"with the motions of the heavenly bodies, and the 
^Variations in the state of the atmosphere, enahlcd 
Fits possessor to predict aEtronomical and meleoro- 
logical phenomena with a frequency and an accu- 
racy which could not ftil to invest him with a 
divine character. The power of bringing down 
fire from the heavens, even at times when the elec- 
tric influence was itself in a state of repose, could 
he regarded only as a gift from heaven. The 
power of rendering the human body insensible to 
tire was an irresistible inatnunent of impoaluie; 
' and in the comhiuatioHB of chemistry, and the in- 
I flaence of drugs and soporific embrocatioua on thft | 
human hrame, the ancient magicians found their- 
most available resources. 

The secret iise which was thus made of scientific 
discoveries and of remarkable inventions, has no 
doubt prevented many of them from reaching the 
present times ; but though we are very ill informed 
respecting the progress of the ancients in varioua M 
departments of the physical sciences, yet we have I 
sufficient evidence that almost every branch of ■ 
knowledge had contributed its wonders to the ma- ■ 
gician's budget, and we may even obtain some in- 
sight into the scientific acquirements of former 
ages, hy a diligent study of their fables and their 
miracles. 

The science of Acoustics fiirnished tlie ancient 
BOrceretB with some of their best deceptions. The 
imitation of thunder in their subterranean temples 
could not fail to indicate the presence of a super- 
natural agent. The golden virgins whose Ta.\\Ai- 
iiig voices resounded through the tem^fe oi "O^- 
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l^ihos; — the stone fmin the river PttClokis, whoB^ 
lrun>|)et iiotea scared t)ic robber from the trcaaure^ 
which jt guarded; — the speaking head which^ 
uttered its oracular reaiioosea at Lesboa j — and thc( 
vocal ftatiie of Meninon, M'hich begat) H the 
hreak of day to accost the rising sun, — were all 
deceptions derived from science, and from a dili- 
gent obaerration of the phenomena of nature. \ 
The principles of Hydrostatics v'^re equally 
available in the ivork of deception. The marvel-, 
louB fouutain which Fliuy descrilKs in the Islanit 
of AndroB as iliacharging nine for seven days, aiul 
water during the rest of the year; — the spring ol 
oil which broke out in Rcjtne to welcome the retun^ 
of Augustus from the Sicilian war, — the tlu-ee 
empty urns which filled themselves with wine at 
the annual feaet of Bacchus in the city of Elis, — 
the gloss tomb of Belus which was full of oil, 
and which when once emptied by Xerxea, could 
not again be filled, — the weeping statues, and thoP 
Ijerpetual lamjis of the ancients, were all tlie.i 
obvious effects of the equilibrium and prcHsure o£ 

Although we have no direct evidence that thej 
philosophers of antiquity were skilled in Me- 
chanics, yet there are indications of their know- 
ledge, by no means equivocal in ihe erection ol 
the Egyptian obelisks, and in the transportation- 
of huge masses of stone, and their subsequent 
elevation tu great heights in their teuiplca. The 1 
l»werB which they employed, and the mechanism 
by which they operated, have heen studiously con- 
cealed, but their existence may be iiiferrcil from , 
reauha otherwise ine.tplicable, and the inference 



lierivCB additional confirmation from the mecliani- 

T;al arrangements wliich seemed to have formed a 

art of their religious imiwatures. When in some 

r the infamous myEterics of andeut Rome, the 

,te victims were carried off hy the gods 

there ie rcaaon to believe that they were hurried 

^way by the power of machinery ; and when Apnl- 

' as, conducted by the Indian sages to the temple 

jod, felt the earth rising and falluig be- 

Bh bis feet, like the agitated sea, he was no 

nt placed upon a moving floor capable of imi~ 

kg the heaviiigs of the waves. The rapid de- 

Bt of those who cnnsulted the oraele in the cave 

VroptioDiuE, — the moving tripods which Apollo- 

V in the Indian temples, — the walking eta- 

i at Antium, and in the Ti'mple of Hierapolis, 

bd the wooden pigeon of Archytas, are speci- 

18 of the mechanical resources of the ancient 



But of bU the sciences Optics is the most fertile 
mftTVellous exjiediciils. The power of bringing 
Bt objects within the very grasp of the 
rver, and of swelling into gigantic magnitude 
^AlmosC invisible barlies of the material world, 
T falls to inspire with afitonishment even those 
I understand the means by which these prodigies 
Kccomplished. The ancients, indeed, were not 
lotnted with those combinations of lenaes and 
roia wluch constitute the telescope and the 
roscope, but they must have been familiar with 
t property of lenses and mirrors to form erect 
A inverted images of objects. There is reason 
) think that they employed them to effittl \\\ft 
WKppantion of their gods; and \\\ aomt at ■Ooa. 
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descripttoiiB of the optical displays which ballowM 
their ancient tpmpltB, ne Tecogiiize all the trans- 
formatioQS of the modem phantuBinagoria. 

It would be an interesting pursuit to enibodj 
the iufonnatiun which hiatorj- suppliea respectinj 
the fables and incantations of the ancient superBtv 
tioiis, and to show how far they can be esplainc. 
l^ the scientific knowledge which then prevailed 
This task has, to a certain extent, been perfonne' 
by M. Eusebe Salverte, in a work on the occu^ 
BCiencee, which has recently appeared ; 
withstanding the ingenuity and learning which i 
displavE, the individual facts are too scanty to BupJ] 
port the Epeculntiona of the autlior, and the de^ 



meagje to satisfy the c 



the reader*. 

In the following letters I propose to take awideJ 
range, and to enter into more minute and popul^l 
details. The principal phenomena of nature, ani 
the leading combinations of art, which bear the 
impress of a supernatural character, will pass 
under onr review, aiwl our attention will be partly 
cularly called to those singular illusions of sense, 
by which the most ]ierfect organs cither cease ta 
perform their functions, or perform them faitV 
lessly ; and where the efforts and the creations of 
the mind predominate over the direct perceptions 
of external nature. 

■ Vi'e must caution the young render iii;amst lonte of thf 
vit'vts nivea in Al. Salveite'B work. la his uixiet; (c 
caunt fur tvery Ihing iDirBCuloxis by nntural i 
ascribed to the same origin itome of (hose ci 
bittory nrhich Christioiis caiiDOt but regard na the result ol 
ttivaui Bgcacy. 
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1 executing this plan, the task of Belcclion ia 
Rendered extremely difficult, by the BU|)erabundaiice 
If materials, as well as from the variety of jtidg- 
pients for which these materials must be prepared, 
[odern science may be regarded as one vast 
hiiracle, whether we view it in relation to the 
nimighty Being, by wbom its objects and its laws 
Ivere fonneU, or to the feeble intellect of man, by 
ivbich its depths have been sounded, and its mya- 
Verice explored ; and if the philosopher wbu ivj 
pmiliarized wiAi its wonders, and who has studied j 
i ncce^^ary results of general lans, never 
fecases to admire and adore their Author, how great 
Khotild be their effect upon less gifted minds, who 
ver view them iu the light of in explicable 
nrodigies.— Man has in all ages sought ibr a sign 
pom heaven, nad yet he baa beeu habitually blind 
X) tbe millious of wonders with wltich he is sur- 
rounded. If the following jiages should contribute 
o abate this deplorable iudifference to all that is 
rratid and sublime in the universe, and if Ihey 
'should inspire the reader with a portion of that 
BnthusiaEm of love and gratitude which can alone 
prepare the mind for its fiual triumph, the labours 
iif the author will not have been nlujllv fruitless. 
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LETTER 11. 

The eye the most important of our organs^Popular descrip^h 
tioH of it — The eye is the most fertile source of tneutar^ 
illusions — Disappearance ofohjecis when their images fall 
upon the base of the optic nerve — Disappearance of oltjects 
when seen obliquely — Deceptions arising from viewing ob- 
jects in a faint light — Luminous fgurcs created by pressure 
on the eye either from external causes or from the fulness 
of thejtlood-vessels — Ocular spectra or accidental coloun 
— Remarkable effects produced by intense light — Injlui 
ence of the imagination in viewing these upcctra — Re\ 
markable illusion produced by this affection of the eye — Tj 
Duration of impressions of light on the eye — Thaumatropt 
— Improvements upon it suggested — Disappearance oj 
halves of objects or of one of two persons — Insensibility oj 
the eye to particular colours — Remarkable optical illusiot 
described. 

Of all the organs by which we acquire a know- 
ledge of external nature, the eye is the most re-| 
markable and the most important. By our other 
senses the information we obtain is comparatively 
limited. The touch and the taste extend no far- 
ther than the surface of our own bodies. The sense 
of smell is exercised within a very narrow sphere, 
and that of recognizing sounds is limited to the 
distance at which we hear the bursting of a meteor 
and the crash of a thunderbolt. But the eye enjoys 
a boundless range of observation. It takes cog- 
njzance not only of other worlds belonging to 



fthe solar Eystem, but of other eysteniB nf worlds 
■iifiiiitely remnved into the iininen»ity of Bpace; 
Knd when aided by the teleecnpe, the invention 
Biiiman wisdom, it is able to dificover the forms, 
fthe phenomena, and the movements of bodies 
^ivhose diatance is as ineapreEBible in language ai 
B inconceivable in thought. 
While the human eye has been admired by ordi- 
nary observers for the beauty of its fijrm, the power 
rf its movements, and the variety of its expression, 
{ has excited the wonder of philosophers by the ex- 
IgiSsite TnechaniEm of its interior, and itB sitigulai 
laptation to the variety of puiposeB -which it has 
. The eye-hall is nearly globular, and it 
a inch in diameter. It is formed eaieriiBlly 
1 tough opaque membrane called the sclerotic 
I, which forms the white of the eye, with the ex- 
^tion of a small circular portion in front called 
ftiVTnea. This portion is pcricctly transparent, 
o tough in its nature as to afford a powerful 
l^stence to external injury. Immediately within 
jBeornea, and in contact with it, is the aqueous 
leu^ a clear fluid, ivhich occupies only a small 
t of the front of the eye. Within this humour 
IS the iris, a circular membrane with a hole in its 
centre culled the pupil. The colour of the eye re~ 
eidea in thin membrane, which has the ciirions pro- 
jierty of contracting and espauiling so as to dimi- 
nish or enlarge the pupil,- — an eiRct which human 
ingenuity has not been able even to imitate. Be- 
hind the iris is suspended the a-ystalline lens, in a 
fme transpiireiit capBulc or bag of the same form 
with itself. U ia then succeeded by the v:itreoiis 
Itumour, which resembles the tra»s\iB,>t\\\, ■«'qv\£. A 
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the left eye, the point is as far to the kft. In 
to be convinccii of this curious fict, wliicli i 
discovered by M. Mariotte, place two coloiireiH 
w&fere upon a sheet of wliite paper at the iliBtancef 
of three inches, and look at the left baud wafetj 
with the right eye at the distance of about 11 i 
12 inches, taking care to keep the eye straighn 
above the wafer, and the line which joins the eye^ 
parallel to the line which joins the wafers. WheiiB 
this is done, and the left eye closed, the right handB 
wafer will no longer he visible. The same effectf 
will be produced if we close the right eye and lookT 
■with the left eye at the right hand wafer. Whenfl 
■we examine the retina to discover to what part off 
it this insensibility to light belongs, we find that J 
the image of the invisible wafer has fallen o 
base of the optic nerve, or the place where this I 
nerve enters the eye and expands itself to fonn the 1 
retina. This point is shown in the preceding'l 
figure by a convexity at the place where the nerve ^ 
enters the eye. 

But though light of ordinary intensity makes no I 
impression upon this part of the eye, a very strong I 
light does, and even when we use caudles or highly J 
luminous bodies in place of wafers the body does I 
not wholly disappear, but leaves behind a faint I 
cloudy l^ht, without, however, giving anything I 
like an image of the ohjei^t from which ihc light I 
proceeds. 

When the objects are while wafers upon a hlack ] 
ground, the white wafer absolutely disappears, and 
the space which it covers appears to be completely 
black ; and as the light which illuminates a land- 
much different from that of s. white 
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e should expect, whether we use one or 
>oth eyes*, to see a black or a dark spot upon 
ivery landscape, witbiii 15° of the point which 
nost particularly attracts our notice. The Divine 
Irtilicer, however, has not left his work thus iin- 
Jerfect, Though the base of the optic nerve is 
nsensible to light that falls directly upon it, yet it 
tas been roade euspectible of receiving lummoua 
mpressiona from the parts which surround it; and 
he coiisequence of this is, that when the wafer 
lisappcars, the spot which it occupied, in place of 
Jeing black, has always the same colour as the 
^und upon which the wafer is laid, being white 
Then the wafer is placed upon a white ground, 
md red when it is placed upon a red grotuid. Tbis 
lurious effect may be rudely illustrated hy com- 
isring the reliuu to a sheet of blotting-paper, and 
he base of the optic nerve to a cii'cular portion of 
t covered with a piece of sponge. If a shower 
alia upon the pa[)er, the protected part will not 
K wetted by the rain which falls upon the sponge 
hat covers it, hut in a few seconds it will be as 
'fFectuttlly wetted by the moisture which it absorbs 
rom the wet paper writh which it is surrounded. 
n like manner the insensible spot on the retina 
3 stimulated by a borrowed li^ht, and the apparent 
lefect is so completely removed, that its existence 
an be determined only by the experiment already 
lescrihed. 
Of the same character, but far more general in 

■ When lialh i^vea ore open, ihe oltjvcl whose imagG falU 
i|inu (he iiisi^naili'li: syot of Ihe one tyv ie RFtn hj the other, 
tu ihnt Ihough it is iiat invisilile. yet i1 will only be half ea 
UiiniuoiiSj and therefore two dark spots ought to W aeevj. 
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its etfecte, and impurtant in its consequencci 
another illusion of the eye ■wliich presented itse 
to me several years ago. When the eye is stet 
dily occupied in viewing any particular, object, t 
when it takes a fi^ed direction while the mind 
occupied with any engrossing topic of epeculatio 
or of grief, it suddenly loses sight of, or becnmi 
blind to, objects seen indirectly, or upon whic)i 
is not fully directed. This takes place whether yt 
use one or both eyes, and the object which disaj 
pears will reappear without any change in the p( 
•ition of the eye, while other objects wiU vanit 
and revive in succession without any apparei 
cause. If a sportsmau, for example, is watchin 
with intense interest the motions of one of li 
dogs, his companion, though seen with perfo 
clearness by indirect vision, will vanish, and tl 
light of the heath or of the sky wiU close in upo 
the spot which he occupied. 

In order to witness this illusion, put a little 1> 
of white paper on a green cloth, and within thn 
or four inches of it, place a narrow strip of wht 
paper. At the distance of twelve or eightet 
inches, fix one eye steadily upon the little hit i 
white paper, and in a short time a part or eve 
the whole of the strip of paper will vanish as if 
had been removed from the green cloth. It wi 
again reappear, and again vanish, the effect d< 
pending greatly on the steadiness with which tl 
eye is kept fixed. This illusion takes place whe 
both the eyes are ojfco, though it is easier to ol 
serve it when one of them is closed. The san 
thing happens when the object is luminous. Whc 
a candle is thus seen by indirect vision, it nevi 
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iiy disappears, but it epreads itself 

■ly mass, Ibe centre of w]iich is blue, encircled 

k a bright ring of yellow light. 

""kis inabQity of the eye to preserve a EUstaineA 
n of objects seen obliquely, is curiously com- 
__ ^Bftted by the greater Eensibility of those parts 
uf the eye that have this defect. The eye has the 
power of seeing objects with perfect diatinctness 
only when it is directed straight upon them; that 
is, all objects seen hidirectly are seen indistinctly : 
but it is a curious eircutn stance, that when we 
wish to obtain a eight of a very faint star, sueh as 
one of the satellites of Sattim, we can see it most 
distiactly hi/ looting aicinj from it, and when the 
eye Is turned fidl upim it, it immediately disap- 
pears. 

Efects still more remarkable are produced in 
the eye when it views objects tliat arc difficult t» 
be seen from the small degree of light with which 
they happeu to be illuminated. The imperfeot 
view which we obtain of such objects forces ns to 
fix the eye more steadily upon them ; but the more 
exertion we make to ascertain what they are, the: 
greater difficnlties do we encounter to accoraplisfr 
(jttr object. The eye is actually tlirown into a 
slate of the most painful agitation, the object will 
swell and contract, and partly disappear, and it 
will again become visible when the eye 

1 fiivm ihe delirium into which it has been 
. This phenomenon may be most distinctly 

D when the objects in a room are illnminated 
„. .Jhtiie feeble gleam of afire almost extinguished] 
but it may be observed in dayliglit by the sportt 
man when he endeavours to nia.T\: ii^u ftisiEKSis.tar- 
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tonouB heath Ihc particular spot where moor^ 
h&e alighted. Avftiling himself of the EligM 
difference of tint in the adjacent heoth, he b 
his eye steadily fixed on it as he advances,* 
whenever the contrast of illumiuittion is feeblaT 
will invnrialily lose eight of his mark, and if ■ 
retina is capable of taking it up, it is only to 1^ 
it a second time. 

This illusiun is likely to be most clScacioiiH 
the dark, when there is just sufficient light tofl^ 
der wliite objects faintly visible, and to j 
who are either timid or credulous must prove a: 
quent source of alarm. Its influence toe 
aided by another condition of the eye, i 
it is thrown during partial darkneea. The f 
expanda nearly to the whole iviclth of the i 
order to collect the feeble light which j 
but it is demoDstrablc that in this stote the- 1 
cannot accommodate itself to see near objects ■ 
tinctly, so that the form of persons and thiugi 
tually become more Bhadowy and confused ^ 
they come within tlie very distance at which J 
count upon obtaining the best vie< 
These afl'ections of the eye are, we are persuaij 
yery frequent causes of a particular class 
paritions which are seen at night by the 
and the ignorant. The spectres which ari 
jured up arc always white, because no other c< 
can be seen, and they are either formed o 
animate objects which reflect more light t 
others around them, or of animals or hunj 
beings whose colour or change of plac 
them more visible in the dark. When the t_ 
dimly descries an inanimate object whoise ditfifrout \ 
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ywrtB reflect different degrees of light, its brighte 
(iiiits may enable the spectator to keep up a cou- 
■iiiued view of it; but the disappearance and re- 
..jipeorauce of its fainter partE, and the change of 
aliape which ensues, will necessarily give it the 
Bt-mblancc of a living form, and if it occupies a 
position which is rni approach able, and where 
animate objects cannot find their way, the mind 
will soon transfer to it a aupematural existence. 
In like mautier a human figure shadowed forth in 
& feeble twilight may undergo similar changes, 
and after being distinctly seen while it is in a 
aituation favourable for receiving and reflecting 
light, it may suddenly disappear in a position fully 
before, and within the reach of, the observer's 
eye ; and if this evanescence takes place in a path 
or road where there was no side-way by which tho 
figure could escape, it ia not easy for an ordinary 
mind to efface the impression which it cannot fail 
to receive. Under such circumstances we never 
think of distrusting an organ which we have never 
found to deceive us ; and the truth of the 
thai ' seeing is believing' is t 
milted, and too deeply rooted 
admit on any occasion of a single exception. 

!n these observations we have supposed that 
the spectator hears along with him no fears or 
prejudices, and is a faitliful interpreter of the 
jjhenumen a presented to his senses; hut if he is 
himself a believer in apparitions, and unwilling to 
receive an ocular demonstration of their reality, 
it is not difficult to conceive the picture which will 
he drawn when external objects are distorted and 
curicatored by the imperfect indications o^ \i^ 
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the eyes are directed to it. When we 
eyeball by the action of its own muscles, the re-^ 
tina is affected at the place where the muscles ore 
inserted, and there may be seen opposite eacli eye, 
aud towards the nose, two semicircleB of light, and 
other two extremely faint towarda the temples. At 
particular times, when the retina is more phos- 
phorescent than at others, these semicircles are 
expanded into complete circles of light. 

In a state of indispoaition, the phosphorescence 
of the retina appears in new and more alarming 
forms. When the stomach is under a. temporary 
derangement accompanied with headache, the 
pressure of the blood-veafiels upon the retina 
shows itself, in total darkness, hy a faint blue 
light floating before the eye, varying in its shape, 
and passing away at one side. This blue light 
increases in intensity, becomes greeji and then 
yellow, and sometimes rises to red, all these 
colours beiug frequently seen at once, or the maaa 
of light shades off into darkness. When ne con- 
sider the variety of distinct forms which in a 
state of perfect health tlie imagination can con- 
jure up when looking into a burning fire, or Upon 
an irregularly shaded surface*, it is easy to cou- 
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E how the masses of coloured light wliieli float 
before the eye may be moulded Ly the aame poner 
into those iantastic and natural shapes, which bo 
often haunt the couch of the invalid, even when 
the mind retains its energy, and is conscioua of 
the illusion under which it labours. In other 
cases, temporary blindness is produced by presaure 
upon the optic nerve, or upon the retina ; and 
under the excitation of fever or delirium, when the 
physical cause which produces spectral forma is at 
its height, there is superadded a powerful in- 
fluence of the mind, which imparts a new cha- 
racter to the phautBEms of the senses. 

In order to complete the history of the illusions 
which originate in the eye, it will be necessary to 
give some account of the phenomena called ocular 
gpectra, or accidental colours. If we cut a figure 
out of red ])aper, and placing it on a sheet of white 
paper, view it steadily foraome seconds with one or 
both eyes fixed on a particular part of it, we shall 
observe the red colour to-^come less brilliant. If 
we then turn the eye from th? red figure upon the 
white paper, we shall see a distinct ffreen figure, 
which is the spectrum, or accidental coloiu: of the 
red figure. With differently coloured figures we 
.ihall observe differently coloured spectra, as ia 
the following table : — 

upon U repiPBenleda gallows Bnil a mnn xmdfitt without n 
head. The hrnd was lyin,; beside him. He wni complete, 
bady, thijrhs, legs, nrun, and in every shape like a mail. 
Kow, 1 oflenlimea made remnrlcs upon it, and repcateil Ihem 
tQ the others. I always said to thum all, you may depaad 
iipga it that somelhiiig will hap|i°n. 1 anerivarda toak 
doira the snll on a cilm day, anJ sewed a piece o( canvass 
over the S^ae to cover it, tat I could aot b^ai to V^^a'A 
*lrA/# be/ow my eyes." 
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Coliiur of tlie 


Clour nf the 


OriKinul figun-B, 


i-pectittl aguns.. 


Red, 


Bluish -green. 


1 Orange, 


Blue. 


' Yellow, 


Indigo. 


1 Ureeii, 


Iteadish-violct. 


Blue. 


Orange-red. 


Indigo, 


Orange-yellQW. 


Violet, 


Yellow. 


White, 


BlacV. 


Black, 


White. 



The two last of these experiments, viz., white 4 
Llack figures, may be satisfactorily made by n 
a -white medallion on a dark ground, and a b 
profile figure. The spectrum of the formerfl 
be found to be black, and that of the latter 'H 

These ocular spectra often show thcm«^ 
■without any effort on our part, and t 
our knowledge. In a highly painted room | 
minated by the sun, those parts of the fund, 
on which the sun doee not directly lull liaveaM 
the opposite or accidental colour. If the auti an 
through a chink in a ret/ window -curtain, its Ij 
wOl appear preen, varying, as in the above 
■with the colour of the curtain ; and if we lool 
the image of a candle reflected ^om the w 
blue finger glass, it will appear yetlmc. When- 
ever, in short, the eye is affected with one prevail- 
ing colour, it eees at the same time the spectral oi 
accidental colour, juBt aa when a musical string is 
■vibrating, the ear hears at the same time its fun- 
damental and its harmooic sounds. 

If the prevailing light is white and very strong, 
the spectra which it produces are no longer black, 
hat of variouB colours i 



V&e eun, for example, when near tlie horizon, or 
when reficcted from glass or water su as tn moilc- 
rate its brilliancy, and keep the eye upon it stea- 
dily for a few seconds, we shall eee even fur huurs 
aficrwards, and whether the eyea are open or shut, 
a npectra of the sun varying in its colours. At 
first, with the eye open, it is hroivnuk-red with & 
sky-blue border, and when the eye is shut, it is 
jreen with a Ted border. The red becomes more 
brilliant, and the blue more vivid, till the iinpres- 
eion is gradually worn off; but even when they 
become very fiiint, they may be revived by a gentle 
pressure on the eyeball. 

Some eyea are more susceptible than others of 
these spectral impresBinns, and Mr. Boyle men- 
tiane an individual who continued for years ta 
see the spectre of the sun when he looked upon 
bright objects. This feet appeared to Locke so 
interesting and inexplicable, that he consulted Sir 
Isaac Newton resiiecting its cause, and drew from 
him the following interesting account of a similar 
effect upon himself: — 'The observation you men- 
tion in Mr. Boyle's book of colours, I once made 
Upon myself with the hazard of my eyes. The 
manner was this : I looked a very little while 
upon the sun in the looking-glass with my right 
eye, and then tiimed my eyes into a dark comer 
of my chamber, and winked, to observe the 
pression made, and the circles of colours which 
encompassed it, and how they decayed by degrees, J 
and at last vanished. This I repeated a sccondfl 
and a third time. At tlie third time, when X' 
phantasm of light and colours about i 
almost vanished, intending my fancy upon tht 
t» tee their last appearance, \ SxiwA^ \a i 
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guiflli blue from pink, and the Bolar epectru 
BiBtB only of two coIoutb, yellow and blue. 
Tioughton TegBrds Teel ruddy pinks, and brilliant 
orangee, as yellows, and greens as hives, bo that 
he IB capable only of appreciating blue and yellmo 
coloure. 

In all those caaes which have been carefully 
studied, at least in three of them in which I have 
had the advantage of making personal observa- 
tioui, namely those of Mr. Troughton, Mr. Dalton, 
and Mr. Liston, the eye is capable of seeing the 
whole of the prismatic sjiectrum, the red space ap- 
pearing to be yellow. It' the red epace consiated 
of homogeneouB or simple red rays, we Ehould be 
led to infer that the eyes in question were not in- 
sensible to red light, hut were merely incapable 
of discriminating between the impressions of red 
and yellow light. 1 have lately shown, however, 
that the prismatic spectnim consists of three equal 
and coincident spectra of red, yellow, and 6iue 
light, and consequently, that mueh yellow and a 
small portion of blue light exist in the red space; 
and hence it follows, that tliose eyes which see 
only two colours, viz. yellow and blue, in the spec- 
trum, are really insensible to the red light of the 
spectrum, and see only the yellow with the small' 
portion of blue with which the red is mixed. The 
faintnesB of the yellow light which is thus seen in 
the red space, confirms the opinion that the retina 
has not appreciated the influence of the simple 

e of the two travellers who, in tlie fable of 

the chameleon, are made to quairel aljout (he colour 

that singular animal, had happened to pOEsesa 

^defect of eight, they would have, cacoutitered at 
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■ Btq» of their journey, new grounds of diseen- ' 
son, without the chauce of Rnding an umpire who 
could pronounce a aatiafaetory decieiou. Under 
certain circumBtanccE, indeed, the arhiter might set 
aside theopinionsofboththedisputants, and render 
it necessary to appeal to some higlier authority, i 

Id beg ht'd tell them if he knew I 

Whellicr the tiling was rtd or blur. ' 

In the course of writing the preceding observa- 
tione an ocular illueiou occurred to myself of bo 
extraordinary a nature, that I am convinced it never 
wae seen before, and I think it far from probable 
that it will ever be seen again. Upon directing my 
cyea to the caudles that were standing before me, I 
was surpriaedtJD observe, apparently aniongmy hair, 
andnearly straight above my head, and far without 
ihe range of vision, a distinct image of one of the , 
candles inclined about 45° to the horizon, as shown 
at A. in Fig. 2. The image was as distinct and j 
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and others, that the imagination hue the power 9 
reviving the impresBions of highly lumiiioiii ob- 
jects, months and even years after they were first 
made. From auch phenomena, the aiind feels it 
to he no violent trensition to pass to tliose spectral 
illusions which, in particular states of health, have 
baunted the luoBt intelligent individual?, not only 
in the broad light of day, hut in the very heart of 
the social circle. 

This curious subject has been so ably and fully 
treated in your Letters on Demonology, that it 
would be presumptuous in me to resume any part 
of it on which you have even touched; but as it 
fbrme a necessary branch of a Treatise on Natural 
Magic, and as one of the most remarkable cates 
on record has come within my own knowledge, I 
shall make no apology for giving a full account of 
the different spectral appearances which it em- 
braces, and of adding the results of a series of 
observations and experiments on which I hare 
been long occupied, with the view of throwing some 
light on this remarkable class of phenomena. 

A few years ago 1 had occasion to spend some 
days under the same roof with the lady to whose 
case I have above referred. At that time she had 
seen no spectral illusions, and was acquainted 
with the subject only from the intereaiing volume of 
Dr. Hibbert. In conversing with her about the 
cause of these apparitions, I mentioned, that if she 
should ever see such a thing, she might distinguish 
a genuine ghost existing externally, and seen aa 
an external object, from one created by the mind, 
by merely iiresBing one eye or straining them both 
BO a* to Bee objects double ; for in this case the 



object or supijosed apparition would ia~ J 

variably be doubled, while the imprcseion on the | 
retina created by the niiad would remain single. 
This observation recurred to her mind wben eba 
nnibrtunately became eubject to the same illufiiona; 
but ihe was too well acquainted with their nature 
to require any such evidence of their mental origin; 
and the etate of agitation which generally accom- 
panies them seeiiiB to have prevented her from 
making the experiment as a matter of curiosity. 

1 , The first illusion to which Mrs. A. was subject 
was one which affected only the ear. On the 26th 
of December, 1830, about half-past four in the 
aflemnon, she was standing near the fire in the 
hall, and on the point of going up stairs to dresa, 
when she heard, as she supposed, her husband's 
voice calling her by name, " — — ■ — — Come 
here I come to me!" She imagined that he was 
catling at the door to have it ojieued, but upua 
going there and opening the door she was surprised 
to find no person there. Upon returning lo the 
fire, she again heard the same voice calling out f 
very distinctly and loudly, " — — - Come, i 
here I" She then opened two doora 
same room, and upon seeing no person she I 
returned to ihe fire-place. After a few momentij 
she heard the same voice still culling, 

Come to me, come ! conic away !" in 

plaintive, and somewhat impatient tone. SlteQ 
Bweied as loudly, " Where are you ? I don't k 
where yon are ;" atil! imagining that he ■* 
where in search of her : but receiving n 
she shortly went up stairs. On Mr. A.'s retanL'H 
the house, about half an hour afterwards, the i| 
d why be cslJed to her so often, KfA ^ 
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wm; and she was, of course, greatly flurpriaed (| 

learn that he had not be«n near the house at the 
time. A einular illusion, which excited no parti- 
cular notice at the time, occurred to Mrs. A. when 
residing at Florence about teu years before, and 
when she waa in perfect health. When she was 
iiudressing after a ball, elie heard a voice call her 
repeatedly by name, and she was at [hat time un- 
able to account for it. 

3. The next illusion which occurred to Mrs. A. 
was of a more alarming character. On the 30th 
of December, about four o'clock in the afternoon, 
Mrg. A. came down Btairs into the drawing-room, 
which she had quitted only a few minutes before, 
and on entering the room she saw her liusband, as 
the supposed, standing with Ills back to the fire. 
As he had gone out to take a walk about half an 
hour before, she was surprised to see him there, and 
asked him why he had returned so soon. The figure 
looked fixedly at her with a serious and thoughtful 
espresaion of countenance, but did not speak. 
Supposing that his mind was absorbed in thought, 
she sat down in an arm-chair near ihe lire, and 
within two feet at most of the figure, which she 
still saw standing before her. As its eyes, how- 
ever, still continued to be fised upon her, she sai^, 
after the lapse of a few minutes, " Why don't 

you speak, f" The figure immediately moved 

off towards the window at the farther end of the 
room, with its eyes still gazing on her, and it 
passed so very close to her in doing so, that she 
was struck by the circumstance of hearing no 
step nor sound, uor feeling her clothes brushed 
against, nor even any agitation in the air. Al- 
''loiigb abe was now convinced iWt v\vfc &^\ft ■*■«» 




not her h^isband, yet she never for a momeiH gup- I 
posed thai it wss any thing Hupematural, and was 
soou convinced tliat it was a spectral illusion. Ab 
Boon as this conviction had established itself in her 
mind, she recollected the experiment which I had 
suggested, of trying to double the object ; but be- 
fore she was able distinctly to do this, the figure 
had retreated to the window, where it disappeared. 
Mrs. A. immediately follomea it, shook the curtains 
and examined the window, the impression having 
been Eo distinct and forcible that slie was unwilling 
to believe that it was not a reality. Finding, how- 
ever, that the figure had no natural means of es- 
cape, she was convinced that she had seen a spec- 
tral apparition like those recorded in Dr. Hibbert'i 
work, and she consequently felt no alarm or agita- 
tion. The appearance was seen in bright day-light, 
and lasted four or five minutes. When the figure 
stood close to her it concealed the real objects be- 
hind it, and the apparition was fully as vivid as the 

3. On these two occasions Mrs. A. was alone, but 
when the next phantasm ajjpenred lier husband 
was present. This took place on the 4th of January, 
1830. About ten o'clock at night, when Mr. and ' 
Mrs. A. were sitting in the drawing-room, Mr. A, 
took up the poker to stir the fire, and when he wM i 
in the act of doing this, Mrs. A. exclaimed, " Why 
there's thecal in the room!" — "Where?"aakedMr. 
A. "There, close to you," she replied. "Where?" 
he repeated. '' Why on the rug to be sure, between 
yourself and the coal scuttle." Mr. A., who had 
still the poker in his hand, pushed it in the direc- , 
lion mentioned: "Take care," cticdMta. ^."wkfc 
ctK,/ouare hitting her with the poVci." ^t.K-, 
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agftin Biked her to point out exactly where shea^H 
the cat. She replied, " Why Bitting up there cIobb 
to your- feet on the rug. She is looking nt me. It 
■a Kitty — come here, Kitty!" — There were two 
cats in the house, one of wluch went by this name, 
and they were rarely if ever in the drawing-room. 
At this time Mrs. A. had no idea that the sight of 
the cat was an illusion. When she was asked to 
touch it, she got up for the purpose, and seemed as 
if she were pursuing something which moved away. 
She followed a few steps, and then said, "It has 
gone under the chair." Mr. A. assured her it was 
an illusion, but she would not behere it. He then 
lifted up the chair, and Mrs. A. saw notliing more 
of it. The room was then searched all over, and 
nothing found in it. There was a dog lying on 
the hearth, who woidd have betrayed great wn- 
easiness if a cat had been in the room, but he lay 
perfectly quiet. In order to be quite certain, Mr. 
A. rung the belt, and sent for the two cats, both of 
which were found in the housekeeper's room. 

4, About a month after tbia occurrence, Mrs. A., 
who had taken a somewhat fatiguing drive durii^ 
the day, was preparing to go to bed about eleven 
o'clock at night, and, silting before the dressiag- 
glass, was occupied in arranging her hair. She 
waa in a listless and drowsy state of mind, hut fiilly 
■ awake. When her fingers were in active motion 
among the papillotes, she was suddenly startled by 
seeing in the mirror the figure of a near relation, 
who was then in Scotland, and in perfect health. 
The apparition appeared over her left shoulder, and 
its eyes met her's in the glass. It was enveloped 
"~ grave-clothes, closely piuned, as is usual with 
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ea, round the head, and under tlie chin, audi 
though ihe eyes were open, the featraea were solemn 
and rigid. The dress was evidently a Bhroud, as 
Mrs. A. remarked even the punctured pattern uaa- 
ally worked in a peculiar manner round the edges 
of that garment. Mrs. A. described herself as at 
the time eenaihle of a feeling like what we corkceive 
of iaacination, compelling her for a time to gaze on 
this melancholy apparition, which was as dietinct 
mad vivid as any reflected reahty could he, the light 
of the candlee upon the drcssiiig-table appearing to 
shine fully npon its face. After a few minutCH, she 
turned round Co look for the reality of the ibrai ■ 
over Iier shoulder; hut it was not visible, and j^H 
had also disappeared from the glass when al^H 
looked again in that direction. ^ 

5. In the beginning of March, when Mr. A. had 
been about a fortnight from home, Mrs. A. fre- 
quently heard him moving near her. Nearly every 
night as ahe lay awake, she distinctly heard sounds 
like his breathing hard on the pillow by her side, 
snd other sounds such as he might make while 
turning in bed. 

6. On another occasion, during Mr. A.'s absence, 

vhile riding with a neighbour, Mr. , she heard 

Ua voice frequently as if he were riding by hia 
aide. She heard also the tramp of his horse's feet, J 
and was almost puzzled by hearing him address J 
her at the same time with the person really in com- 
pany. His voice made remarks on the scenery, 
improvements, &c., such as he probably should ] 
have done had he heca present. On this occasion, 
hawever, there was no visible apparition, 

7. On the nth March, Mrs. A, was ijiK^a.ria% 
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for bed. She had dismissed her maid, and wul| 
sitting with her feet in hot water. Having an ex- 
cellent memory, ehe had been thinking upon and 
repeating to herecif a. striking passBge in the Edin- 
burgh Review, when, on raising her eyes, she aaw 
eeated in a large easy chair before her the figure of 
R deceased friend, the sisWr of Mr. A. The figure 
was dressed, ashadbeenusual with her, with great 
neatness, but in a gown of a peculiar kind, such aa 
Mrs. A. had never teen her wear, but exactly such 
as had been described to hex by a common friend 
aa having been worn by Mr. A. 'a sister during her 
last Tisit to England. Mrs. A. paid psTticular at- 
tention to the dress, air, and appearance of the 
figure, which sat in an easy attitude in the chair, 
holding a handkerchief in one hand. Mrs. A. tried 
to apeak to it, but experienced a difficulty in doing 
ro, and in about three minutes the figure disap- 
peared. About a minute afterwards, Mr. A. came 
into the room, and found Mrs. A. slightly nervouE, 
but fully aware of the delusive nature of the appa- 
rition. She described it as having all the vivid 
coloiiring and apparent reality of life ; and for anme 
hours preceding this and other visions, she expe- . 
rienced a peculiar senaatioii in her eyes, which' 
eecmed to be relieved when tlie vision had ceased. 
8. On the 5th October, between one and two 
o'clock in the morning, Mr. A. was awoke by Mrs. 
A., who told him that she had just seen the figure 
of his deceased mother draw aside the bed-curtaina 
and apjiear between them. The dress and the lo(^ 
of the apparition were precisely those in whidM*^ 
Mr. A.'s mother had been last seen by Mrs. , 
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t 9. On the 11th October, when sitting in t}» 
ilrawing-room, on one aide of the fire-place, she 
saw the figure of another deceased friend moving 
towards her from the window at the farther end of 
I. It approached the fire-place, and aat 
the chair opposite. Aa there were several 
io the room at the time, ahe deHcribea the 
uppermost in hsr mind to have been a fear 
they should be alarmed at her staring, in th^-. 
way ahe waa conaciona of doing, at vacancy, 
should fancy her intellect disordered. Under 
influence of this fear, and recollecting a story of, 
similar effect in your work on Demonolngy, whioh 
she had lately read, she summoned up the requisite 
resolution to enable her to ctobh the apace before 
the lire-place, and seat herself in the same chair 
with the figure. The apparition remained perfectly 
ilistinct till she sat down, as it were, in its lap, 
when it vanished. 

10. On the 26th of the same monlh, about two 
P.M. Mrs. A. was sitting in a chair by the window 
in the aamc room with her husband. He hei 
her esclatm — "What have I seen?" And 
looking at her, he observed a strange espreaaio 
her eyea and countenance. A carriage and 
had appeared to her to be,driving up the entrani 
Toad to the house. As it approachol, she felt 
cbned to go up stairs to prepare to receive ci 
pany, but, as if spell-bound, she was nnablc 
move or speak. The carriage approached, and 
il arrived within a few yards of the window, e 
' the figures of the postillions and the perst 
ide take the ghastly appearance of skeletoi 
■ ither hideous figures. The whole then 
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entirely, when she uttered tlie above -mentioneiiV 
exclamation. 

11. On the momiTig of the 30th October, when 
Mra. A. WBB sitting in her own room with a &- 
Tourite dog in ber lap, she distinctly saw the same 
dog moving about the room during the space of 
about a minute or rather more. 

12. On the 3d December, about nine p.m., when 
Mr. and Mrs. A. -were sitting near each other in 
the drawing-room occupied in reading, Mr. A. felt 
a pressure on his foot. On looking up, he ob- 
Mired Mra. A.'s eyes fi\ed with a etrong and un- 
natural stare on a chair about nine or ten feet 
distant. Upon asking her what she saw, the ex- 
pression of her countenance changed, and upon 

g herself, she told Mr. A. that she had 
brother, who was alive and well at the 
in London, seated in the opposite chair, 
but dressed in grave-clothes, and with a ghastly 
countenance, as if scarcely alive. 

Such is a brief account of the various spectral 
fllusions observed by Mrs. A. In describing them 
I have used the very words employed by her hus- 
band in his communications to me on the subject*; 
and the reader may be assured that the descrip- 
tions are neither heightened by fancy, nor amph- 
fied by invention. The high character and intel- 
ligence of the lady, and the station of her husband 
in society, and as a man of learning and science, 
would authenticate the most marvellous narrative, 
and satisiy the most ecnipulous mind, that the 
case has been philosophieaUy as well as faithfully 
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cribed. In namtting events whicli we regard, i 
BB of a eupematuTBl character, the mind has a 
Btrong tendency to give more prominence to what 
appears to itself the niost ■wonderful; but from the 
very eame cause, when wc deBcribe extraordinary 
and inpjtplicable phenomena which we believe to 
be the result of natural cauaea, the mind ie prone 
lo Bthp them of their most marvclloiiB poiiita, and 
briag them down to the level of ordinary events. 
From the very commencement of the spectral illu- 
sions eeen by Mrs. A., both abe and her husband 
were well aware of their nature and ori^n, and 
both of them paid the most minute attention to 
the circumstances whicli accompanied them, not 
only with the view of throwing fight upon so cu- 
rious a subject, but for the purpose of ascertaining 
their counesion with the state of health tinder 
which they appeared. 

Aa the spectres seen by Nicoiai and others had 
their origin in bodily indisposition, it becomes in- 
teresting to learn the state of Mrs. A.'b health 
when she was under the influence of these illusions. 
During the sis weeks within which the three first 
illusions took place, she had been considerably re- 
duced and weakened by a troublesome congh, and J 
the weakness which this occasioned was increased^ 
by her being prevented from taking a daily tonic. F 
Her genera! health had not been strong, and long 
experience has put it beyond a doubt, that h 
indisposition arises from a disordered state of tl 
digestive organs. Mrs. A. has naturally a mor- J 
bidly sensitive imagination, which so painftiUffl 
alfects her corporeal impresaions, that the a 
of any person having suffered severe ^ain b^ a 
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dent or otherwiee, occ&BionHlly produc 
twiages of pain in the corresponding parts of her 
pereon. The account, for example, of the ampu- 
tation of an arm will produce an inetantaneous 
and severe sense of pain in her own ami. She is 
«ul)ject to talk in her sleep with great fiuency, to - 
rejteat long passages of poetry, particularly when 
she is unwell, and even to cap verses for half an 
hour together, never failing to quote lines begin- 
ning with the final letter of the preceding cue till 
her memory is exhausted. 

Although it is not prohable that we shall ever 
be able to understand the actual manuer in which 
a pereon of sound mind beholds spectral appari- 
tions in the broad light of day, jet we may arrive 
at such a degree of knowledge on the subject as 
to eatiafy rational curiosity, and to strip the phe- 
nomena of every attribute of the marvelloua. 
Even the vision of natural objects presents to ua 
insurmountable difficultieB, if we seek to under- 
stand the precise part which the mind performs in 
perceiving them ; but the philosoiiher conaiders 
that he has given a satisfactory explanation of 
vision, when he demonetrates that distinct pictures 
of external objects are painted on the retina, and 
that this membrane communicates with the brain 
by means of nerves of the same substance as itself, 
and of which it is merely an expansion. Here we 
reach the gulf which human intelligence cannot 
pass ; and if the presumptuous mind of man shall 
dare to extend its speculations farther, it wUl do 
it only to evince its incapacity and mortify ita 
piide. 

In hie admirable work on this subject. Dr. Hib- 



ft has Hhmvn that spectral apparitions are nothing 

more than ideas or the recollected images of tlie 
tniiul, which in certain Btates of hndilyindiBpoaition 
have been rendered more vivid than acmal impreg- 
sions, or, to use other words, that the pictures in 
the " mind's eye" are more vivid than the pictures 
ill the body's eye. This principle has been placed 
by Dr. Hihbert beyond the reach of doubt ; but I 
propose to go much farther, and to show that the 
" mind's eye" is actually the body's eye, and that 
the retina is the common tablet on which both 
classes of impressions are painted, and by means 
of which they receive their visual existence accord- 
ing to the same optical laws. Nor is this tme merely 
in the case of spectral illusions; it holds good 
of all ideas recalled by the memory or created by 
the imagination, and may he regarded as a fun- 
damental law in the science of pneumatology. 

It would be out of place in a work like this to 
adduce the espcrimcntul evidence on nhich it rests, 
or even to explain the manner in which the expe- 
riments themselves m\ist be conducted ; but I may 
stale in general, that the aiiectres conjured up by 
the memory or the fancy have always a " local 
habitation," and that they appear in front of the 
efe, and partake in its movements e^^actly like the 
inqireeBions of Inminona objects, after the objects 
tboiwelves ate withdrawn. 

In the healthy state of the mind and body, the 
idktive intensity of these two classes of impres- 
dotiB on the retma are nicely adjusted. The men- 
tal pictures are transientand comparatively feeble, 
and in ordinary temperaments are never capable 
tif disturbing or effacing the direct images of v\«Mt 
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objects. The afiairH of life could not be caniedai^ 
if the memory were to intrude bright represente- 
tioas of tbe past into the domestic scene, or ecatter 
them over the external laodecape. The two oppQ- 
Btte impressions, indeed, could not co-esiat t the 
lame neirouetibrenhich is carrying from the brain 
to the retina tbe figures of memory, could not at tbe 
same instant be canying back the impreasionB of 
external objects from the retina to the brain. The 
mind cannot perform two different functions at the 
same instant, and the direction of its attention to 
one of the two classes of impressions necessarily 
produces the extinction of the other : but so rapid ia 
the exercise of mental power, that the alternate ap- 
pearance and disappearance of the two contending 
impressionB is no more recognized than the sue- 
cessive observaCionB of estemal objects during the 
twinkling of the eyelids. If we look, for esampU, 
at the faqade of St. Paul's, and, without changing 
OUT position, call to mind the celebrated view of 
Mont Blanc from Lyons, the picture of the cathe- 
dral, though actually impressed upon the retina,ia 
momentarily lost sight of by the mind, exactly Ulb 
an object seen by indirect vision ; and during tbe 
instant the recollected image of tbe mountain, 
towering over the subjacent range, is distincdy 
seen, but in a tone of subdued colouring, and in- 
distinct outline. When the purpose of its recall is 
answered, it quickly disappears, and the picture of 
the cathedral again resumes the ascendancy. 
In darkness and solitude, when esternal objecti 
r interfere with the pictures of the mind, 
)me more vivid and distinct ; and in the 
a between waking and sleeping, the intensity of 



tofanpreBHionaapproacheatothat of vieible, objects. 
With peraune of studious habit?, who are much 
occupied with the operatione of their own rainda, 
the mental pictures are much more distinct than 
in ordinaiy persons; and in the tnidst of abstract 
thought, external objects even ceaec to make any 
impression on the retina. A philosopher absorbed 
in his con tempi aCiuus esperieneea a temporary pri- 
vation of the use of his sensea. Hia children or 
his servants will enter the room directly before hi» 
eyes without being seen. They will speak to him 
widiout being heard; and they will even try to' 
rouK him from his reverie without being feltj 
although his eyes, his ears, and hia nerves acta-' 
ally receive the impresaions of light, sound, and 
touch. In such cases, however, the philosopher is 
Tolnntarily pursuing a train of thought on which 
his mind is deeply interested ; but even ordinary 
iDen,not much addicted to speculations of any kind,. 
often perceive in their mind's eye the pictures of 
deceased or absent friends, or even ludicrous crea- 
tions of fancy, which have no connexion whatever 
with the train of their thoughts. Like spectral 
apparitions they are entirely involuntary, and 
though theymay have aprutig from a regular sen' 
of associations, yet it is frequently impossible 
discover a single link in the chain. 

if it be true, then, that the pictures of the mi 
and spectral illusions areequallyimpressione u] 
ihe retina, the latter will dift'er in no respect "^ 
the former, but in the degree of vividness 
which they areaeen; and those frightfidapparit 
become notliing more than our ordinary ideas, 
dered more brilliant by some accidental and tei 

Hi 



I 



F 



LBTTEB.S OK 



porary deraugement of tlie vital functions. Their 
very vividness, too, whichis tlieir only characteriBtic, 
is capable of esplanntion, I have already shown 
that the retma ia rendered more sensible to light by 
voluntary local preBsure, as well as by the involun- 
tary pressure of the blood-vessels behind it ; and if, 
liy looking at the eun, we impress upon the retina 
s coloured image of that luminary, wliicli is seen 
■even-when theeyeis shut, wemay by pressure alter 
the colour of that image, in consequence of having 
:increaBed the sensibility of that part of the retina 
on which it is impressed. Hence we may readily 
understand how the vividness of the mental pictures 

ust be increased by analogous canses. 

In the case both of Nicolai and Mrs. A. the im- 
mediate cause of the spectres was a deranged action 
of the stomach. When such a derangement ia 
induced by poison, or by substances which act as 
Joisons, the retina is peculiarly affected, and the 
phenomena of vision singularly changed. Dr. 
Patouillet has described the case of a family of 
persons who were all driven mad by eatii^ 
the root of the Hyosci/amus niger or black Hen- 
bane. One of them leapt into a pond, another 
exclaimed that his neighbour would lose a cow 
h, and a third vociferated that the crown 
piece of sixty pence would in a short time rise 
to five livres. On the following day they had all 
recovered their senses, hut recollected nothing of 
what had happened. On the same day they all 
BOW objects double, and, what'is still more remark- 
jible, on the third day every object appeared lo 
them as red as scarlet. Now this red lightVas 
TH-nbably nothing more than the red pliosphore- 
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sceuce jiroduced by the pressure of the blood- 
vesGela on the retiua, and unalogous to the masses 
of blue, ffi-een, yellow] end red liglit, wliicli have 
been ftlresdy mentioned aa produced by it similar 
pressure in headaches, arising from a dieordered 
stale of the digestive organs. 

Were we to analyse the various phenomena of 
tpectral illusions, we should discover many cixcuni- 
BtanccE favourable to tliese view*. In those seen by 
Nicolai the individual figures were always Bonie- 
whal paler than natural objects. They sometimes 
grew more and more indistinct, and became per- 
fectly white ; and, to use liis own words, " he 
could always dietiuguish with thegreatest precisioit 
pliantasms irom phenomena." Nicolai sometimes 
i^vWw the spectrea when his eyes were shut, and 
^'IKtiines thej were thus moile to disappear, — 

Bcta perfectly identical with those which arise 
.^_in the impreesiotis of very luminous objects. 
Sometimes the figures vanished entirely, and at 
other times only pieces of them disappeared, ex- 
actly conformable to what takes place with objects 
eeen by indirect vision, which most of those 
figures must necessarily have been. 

Among the peculiaritiesof spec tnilillusioua there 
is one which merits particular attention, namely, 
that they seem to cover or eoucenl objects imme- 
diately beyond them. It is this circumstance more 
than any other which gives them the character of 
reality, and at first eight it seems difficult of ex- 
planation. The distinctness of any impression 
tiie retina is entirely independent of the accomii 
dation of the eye to the distinct vision of esten 
ubjecta. When the eye ia a.t leat, anA '» uoV 
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cnuinioiiated to objccta at any particular distance, 
it is in a BtBte for seeiug distant objecta mart 
perfectly. When a distinct spectral inipreaBion, 
therefore, is before it, all other objeets in its vici- 
nity will be seen indistinctly, fur while tfae eye is 
engrossed with the viaiou, it is not likely to accom- 
modate itself to any other object in the same direc- 
tion. It is quite common, too, for the eye to see 
only one of two objects actually presented to it. 
A sportsman who has been in the practice of shoot- 
ing with both his eyes open actually sees a double 
image of the muzzle of hia fowling-piece, thoi^^ 
it is only with one of these images that he covert 
his game, having no perception whatever of the 
other. But there is still another principle upon 
which only one of two objects may be seen at a 
time. If we look very steadily and continuoualy 
at a double pattern, such as those on a carpet com- 
posed of two single patterns of different colours, 
«uppoBe red and yellote ; and if we direct the mind 
pMlJcularly to the contemplation of the red one, 
the green pattern will sometimeH vanish entirely, 
leaving the red one alone visible, and by the same 
process the red one may be made to disappear. In 
this case, however, the two jiatterns, like the two 
im^ea, may be seen together ; but if the veiy 
same portion of the retina is excited by the direct 
xays of an eKtemal object, when it is excited by a 
mental impression, it can no more see them btrtiL 
at the same time than a vibrating string can give 
out two different fundamental sounds. It is quite 
possible, however, that the brightest parts of a 
spectral figure may he distinctly seen along with 
^^ brightest parts of an obj^^t immedJatelY behind 



but then the bright parts of euch object will fiil^^l 
)n (lijierent parts of the retina. ^^H 

These views are illustrated by a case mentioned 'I 



e illustrated by 
liy Dr. Abercrombie. A gentlemau, who was a 
liaCient of his, of uu irritable habit, and liable to a 
cariety of uneaity sensations in his head, was sitting 
alone in his dining-room in tlie twiliglit, when 
the door of the room was a little open. He saw 
distinctly a female figure enter, wrapped in a 
mantle, with the face cuiiccaled by a large black 
bonnet. She seemed to advance a few Htepa to- 
wards him, and then slop. He had a full con- 
viction that tiie figure 

«nd he amused himself for some time by walebing 
iti at the same time observing that he could s 
through the figure so as to perceive the lock 
the door, and odier objecls behind it*. 

If these views be correct, the phenomena of 
spectra! apparitions are stripped of all their terror, 
whether we view them in their aupernatural cha- 
racter, or as indications of bodily indisposition. 
Nicolai, even, in whose case tliey were accom- 
panied with alarming symptoms, derived pleaeiue 
from the contemplation of tliem, and he not only 
recovered from the complaint iu which they origi- 
nated, but survived them for many years. — Mrs. A., 
too, who sees them only at distant intervals, and 
with whom they have but a fleeting existence, will, 
we trust, soon lose her exclusive privilege, vbea 
the shght indisposition which gives them birth hu 
■ubaided. ■ 
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Snrnec uicdatan InilramenI of impoilure — Deccpliam le^H '• 
plant and coHcaiie mirrnri pracliied hg the nHcitnli—TTie 
meglcuuCt v<imr—Effeeli of coneave mirrori— Aerial 
Image! — Imagei on Smoir — Cambinathn of mirrorifar 
pmiiiemg piclsrei /ram living alg'rcli — 7Se ngiitrUm 
•laggtr — jlncient miraeht uilh concave mirrnrt—Midtnt 
RrcnnHnrf wilA Ihem, at iccn tg Cellim—Deiciiplioii and 
iffttli of Ike mogic lantern — ImprtveincHU upon iV— 

' Pkanlatmagarie exhihitiant of Phitipilal and alhrn — Dr. 
Yeimg't armngemrnl of Lenta, ^s. for lAn PAanlatilW- 
goria — Impreiinitlrili ivggnlid — Catadioplncal pkanlBt' 
tnegoriafor producing lAe pielum fivn Hviiig oi/eo(*-!- 
Melhod of eulliag off parit of lit /igitrtt—KircHei'i aif t- 
termm iandivriiing on Ihc wall — Hit holluu cglindrieal 
mirror fbr afrialimitgei — Cylindrical mirror for rrjbrn- 
mg ditlorlfd piclvret — Mirrori ofvariabh i-.tirraltirc fur 
producing caricalHrei. 

In the preceding observaliona man apiiears as the 
victim of liis own deluBions— as the magician un- 
able to exorcise the epirits wliich lie has himself 
called into being. We shall now see him the dupe 
of preconcerted impostiire — the Blave of his own 
ignorance — the proBtrate vftesai of power and bu- 
perstition. I liave already stated that the inonBrcba 
and priestB of ancient times carried on a Bystcmattc 
plan of imposing upon their subjects — a mode of 
government which was in perfect accordance witlt 
their religious belief: but it will scarcely he be* 
Jiered thai the same delusions were practised after 
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t e£tal>iiehment of Christianity, anil tin 
le Catholic sanctuary was often the seat of these 
liallowed inachinatiouB. Nor was it merely the 
n and cuDuing prieut who thus sought to extort 
Ttioney and respect from the most ignorant of his 
Hock : biahopa and pontifis themselves wielded the 
lungiciau's wand over tlie diadems of kings and 
emperors, and, by the pretended exhibition of su- 
pernatural power, made the mightiest potentate* 
of Europe tremble upon their thrones. It was the. 
light of science alone which dispelled this 
and iulellectual darkness, and it is entirely i 
seiguence of its wide diffiision (hat we live in times 
when sovereigns seek to reign only through the 
affections of their people, and when the minister of 
religion asks no other reverence but that which is 
inspired hy the sauctit}- of his office and the purity 
of Ilia character. 

It was fortunate for the hutnau race that tlie 
scanty knowledge of former ages afforded so few 
elements of deception. What a tremendous engine 
would have been worked against ou^ species by 
ihe varied and powerful machinery of modem 

B'yence 1 Man would still have worn the shackles 
sell it forged, and lii» noble spirit would etiU' 
ve groaned beneath its fatal pressure. 
There can be little doubt that the most common, 
a» well as the most successful, impositions of the 
ancients were of an optical nature, and were prac- 
tised by means of plane and concave mirrore. 
It has IJeen clearly shown by various writers that 
the ancients made use of mirrors of steel, silver.j 
and a composition of copper and tin, like thoi " 
now used for reflecting specula. It is also 
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probable, from a paBsage in PlJiiy, that glasa mir- 
rors were made at Sidon ; hut it is evident, thai, 
unless the object presented to th»nn was illumi- 
nated in B very high degree, the images which they 
formed must have been very faint and unsatisfec- 
tory. The silrer mirrora, therefore, which were 
univeraally used, and which are superior to those 
made of any other metal, are likely to have heen 
most generally employed by the ancient magicinna. 
They were made to give multip]ie<l and inverted 
images of objecta, that is, they were plane, poly- 
gonal or many-aided, and concave. There is one 
property, however, mentioned by Aulus Gelliitt, 
which has given unnecessary perplesity to com- 
mentators. He states that there were apecuU, 
which, when put in a particular place, gave no 
images of objects, hut when carried to another 
place, recovered their property of refiesion*. 
M. Salverte is of opinion that, in quoting Varro, 
AuluB Gtellius was not sufficiently acquainted with 
the subject, and erred in supposing that the phe- 
nomenon depended on the iplace instead of the po- 
sition of the mirror ; but this criticism is ubviotudy 
made with the view of supporting an opinion M 
hia own, that the property in question may be ana- 
logouB to the phenomenon of polarised light, which, 
Bt a certain angle, refuses to eufiijr reflexion from 
particular bodies. If this idea lias any foundation, 
the mirror must have been of glass or some other 
body not metallic, or, to speak more correct^, 
there must have been (too such mirrors, so nicely 

■1 Ul ipecttlam in loco cerlo ptiilum nihil imagine!; aliar- 
mm tranitaium facial inegiHtt. AuL Gel, Noet, Attic 13). 
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ejjusted not unlf to one another, but tJ] 
cident upon each, that the effect could nut pot- 
jbly be produced but by a jiliiLoBopher thoroughly 
nnted with the modern diecweiy of the pola- 
ion of light by reflexion. Without seeking for 
It profound an exptanation of the phenomenon, 
'b niRf readily underEtand how a silver mirror 
ikj instantly lose its reflecting power in a. damp 
sphere, in conBeciiiencc of the precipitatii 
tare upon its surface, and may immedi 
r it when transported into drier 
r One of the simplest instruments of optical deci 
DDn is the plane mirror, and when two are combi 
fiir this purpose it has been called the 
mirror. An observer in front of a pli 
» a diEtinct image of himself; but if two peraoDB 
lirror, and if the one person is aa mv " 
b one ode of a Une perpendicular to the middh 
pu the other is to the other aide, they will 
Fig. 3. 



fch other, hut not themselves. If we no- 
■C, CD, NC, CD to be the partitions of't 
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(idjaeeiit apartments, let aqiiare opeuiuge be mad^B 
in the partitions at A and B, about five feet above 
the floor, and let them be filled witli plate glass, and 
BiUTouiuled with a picture frame, eo as to have the 
appearance of two mirrora. Place two mirrors, E, 
T, one behind each opening at A and B, ioclined 
45° to the partition MN, and so large that a persOH 
lookinff into the plates of gluEB at A and B will not 
see their edges. When tliis is done it is obvioue that 
• person looking into the mirror A will notseehim- 
■elf, hut will see any person or figure placed at B. 
If he believes that he is looking into a common 
niirroT at A, his astonishment will be great at senng 
himself transformed into another person, or into 
any living animal that may be placed at B. The 
success of this deception would be greatly increased 
if a plane mirror suspended by a pulley could be 
brought immediately behind the plane glass at A, 
aud drawn up from it at pleasure. The spectator 
at A having previously seen himself in this move- 
able mirror, would be still 'more astonished when 
he afterwards perceived in the same place a face 
different from his own. By drawing the moveable 
mirror half up, the spectator at A might see half of 
i|iiB own face joined to half of the face placed at B ; 
[■but in the present day the most ignorant persons 
are so familiar with the properties of a looking-glass, 
that it would be very difficult to employ this kind 
of deception with the same success which must have 
attended it in a more illiterate age. The optical 
reader will easily see that the mirror Fandtheapart- 
meut NCD are not absolutely necessai-y for carry- 
ing on this deception ; for the very same effects 
li*iH be produced if the person at B ia stationed at 



ind looks towards the mirror F in the direc- 
tion GF. As the mirror F, however, must 
jilftced as near to A as posaible, the person ut (jl 
would be too near the partition CN, unless the 
mirror F ^-aa estremely large. 

The effect of this and everj- similar deception 
greatly increased when the persoaa are illuminate 
with a strong light, and the rest of the upartmeat 
as dark as possible ; but whatever precautions are 
taken, and however skilfully plane mirrors are 
combined, it is not easy to produce with them any 
very successful illusions. 

The concaye mirror is the staple instniraent of 
the magician's cabinet, and must always perform a 
principal part in all optical combinations. In order 
to be quite perfi^ct, every coucave mirror should 
have its surface elliptical, so that if any ol>ject is 
placed in one focus of the ellipse, an inverted image 
of it will be formed in the other focus. This image, 
to ft spectator rightly placed, appears suspended 
the air, so that if the mirror and the object 
from his view, the effect must appear to h 
most supernatural. 

The method of eshibiting the effect of conca' 
mirrors most advantageously is shown in Fig. 3, 
where CO is the partition of a room having in it 
a square opening £F, the centre of which is about 
five feet above the floor. This opening might be 
Eurrounded with a picture frame, and a painting 
which exactly filled it might be so connected with 
a pulley that it could be either slipped aside, or 

' Bed so as to leave the frame empty. A large 

; mirror MN is then placed in another 
partment, so that wlien any object is placed at 
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A a diat.inct image of it maybe formed i 

centre o( ibe opening EF. 1-et ub suppose i 



d not see the image m the air. The raye 
light, in place of proceediog without obstruction 
to an eye at O, ate reflected aa it were from those 
miDiite particleE of which the Emoke is compoeed, 
m the eame mauner aa a beam of light ia rendered 
more visible by pasBing through an apartment 
filled with dust or smoke. 

It has long been a favourite experiment to place 
at A, a white and strongly illuminated human 
skull, and to exlubit an image of it amid the 
smoke of a chafing-dish at B ^ but a more terrific 
efiect would be produced if a small ekeleti 
pended by invisible wires, were placed aa an object' 
at A. Ita image suspended in the air at B 
punted upon smoke, could nut fail to astonish 
spectator. 

The ililliculty of placing a living person in 
inverted position, as an object at A, has no doubt 
preveutetl the optical conjuror from availing him- 
self of so admirable a resource; but this difGculty 
may be removed by employing a second concave 
mirror. This second mirror must be so placed as 
to reflect towards MN, the rays proceeding from 
an erect living object, and to form an inverted 
image of this object at A. An erect image of this 
inverted image will then he formed at B, either 
suBpended in the air or depicted upon a wreath of 
smoke. This aerial image will exhibit the precise 
form and colours and movements of the living ob- 
ject, and it will maintain ita character aa an appa- 
rition if any attempt is made by the spectator to 
grasp its unsubstantial fabric. 

A deception of an alarming 
Mjlitffrioui doffger, has been ' 






ilarming kind, called l^)^^| 
been long a favourite e]^^| 
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liibition. If a person witli a drawn and liigl 
polielied d&gger, illumiaatcd by ik strong ligbt, 
stands a little farther from a concave mirror than 
its principal focus, he will perceive in tlie air be- 
tween hiinaelf and tlie mirror an inverted and di- 
imnished image of his own person, with the dat^er 
aimilarly brandiahed. If he ainia the dagger at 
the centre of the mirror's concavity, the two dt^- 
gera will meet point to point, and, by pushing it 
Btill farther from him towards the mirror, the 
imaginary da^er will strike at his heart. In thin 
caie it is necessary that the direction of the real 
da^er coincides with a diameter of the Bphere of 
which the mirror is a part; bnt if its direction is 
on one side of that diameter, the direction of the 
imaginary da^cr will be as far on the other side 
of the diameter, and the latter will aim a blow at 
any pcrBOu who ia placed in the proper position 
for receiving it. If the person who bears the real 
dagger ia therefore placed behind a screen,' or 
othMwise concealed from the view of the spec- 
tator, who is made to approach to the place of the 
image, the thrust of the polished steel at his breast 
will not fail to produce a powerful impression. 
The effect of this esperiment would no doubt be 
increased by covering with black cloth the person 
who holda the da^er, so that the image of hia 
hand only should be seen, as the inverted picture 
nf him would take away from the reality of the 
appearance. By using two mirrors, indeed, this 
defect might be remedied, and the spectator would 
witness an csact image of the assaasin aiming the 
^i^er at his life. 
The common way of making this experiment ia 
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place a basket of fruit abnye the dagger, so that -V 
• a distiact aerial image of the fruit is formed in the 
focus of the mirror. The spectator, having been 
ileeired to take some fruit from tlie basket, ap- ' 
proachcB for that purpose, while a person properly 
cunoealed withdraws the real basket of fruit with 
one hand, and with the other advances the dagger, 
the image of whicli, being no longer covered by the 
truit, strikes at the body of the astonished spectator. 
The powers of the concave mirror have been 
likewise displayed in exhibiting the apparition of 
an ahaent or deceased friend. For this purpose, a 
strongly illuminated bust or picture of the person 
ia placed before the concave mirror, and a distinct 
image of the picture will be seen either in the air 
or among smoke in the manner already described. 
If the background of the picture is temporarily 
covered with lamp-black, so that there is no light 
about the picture but what falls upon the figure, 
the effect will be more complete. 

As in all experiments with concave mirrors, the 

gize of the aerial image is to that of the real object 

I at their distances from the mirror, we may, by va- 

L^^g the distance of the object, increase or dimi- 

^^Bdi the size of the image. In doing this, how- 

^^Kr, the distance of the image frxtm the mirror is 

^^nhe same time changed, so that it would quit the 

^place most suitable for its exhibition. This defect 

may be removed by simultaneoualy changing the 

place both of the mirror and the object, so that the 

un^e may remain stationary, expanding itself 

from a luminous spot to a gigantic size, and againj 

passing through all intermediate magnitudes, t" 

it vanishes in a cloud of light. 
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Those who have studied the effects of concave 
mirrors of a emnll eize, and without the precau- 
tjons necesBary to ensure deception, cannot fonn 
any idea of the magical cfi'ect produced by this 
clsBB of optical apparitions. When the instrumentB 
of illueionare themeelvea concealed, — when all ei- 
trancous lights but those which illiiminal« the real 
object are excluded,^ when the mirrors are lai^ 
and well polished and truly formed, — the effect of 
the representation on ignorant minds is altogether 
overpowering, while even those who know the de- 
ception, and perfectly understand its principles, 
are not a little surprised at its effects. The inferi- 
ority in the effects of a common concave mirror to 
that of a well-arranged exhibition is greater even 
than that of a perspective picture hanging in an 
apartment, to the same picture exhibited under all 
the imposing accompaniments of a dioramic re- 
presentation. 

It can scarcely he doubted, that a concave mir- 
ror was the principal instrument by which the hea- 
then gods were made to appear in the ancient tem- 
ples. In the imj)crfect accounts which have reached 
us of these apparitions, we can trace all the elements 
of an optical illusion. In the ancient temple of 
Hercules at Tyre, Pliny mentions that there was a 
seat made of a consecrated stone, " from which the 
gods easily rose." Esculapius often exhibited him- 
self to his worshippers in his temple at Tarsus; 
and the temple of Enguinnm in Sicily was cele- 
brated as the place where the goddesses exhibited 
themselves to mortals. lamblichns actually in- 
forms us, that the undent magicians caused the 
I Tods to nppear among the vapours disengaged from 



tifc; and when the conjuror Maximus terril 
111* aiidJence by making the ttatiie of Hec 
laagh, while in the middle of ihc^mnke of bnrni 
hicense, he was ohviojisly dealing with ihe 
of ft living object dreBaed in 
(orceress. 

The character of these eihibitions 
tdnples is so admirably depicted in the folli 
passage of Damasciue tjnoted by M. Salveric, that 
we recognize all the optical efFecte which haie been 
already described. " In a manifestation," *aya 
he, " which onght not to be revealed . . . titers 
^)peared on the wall of the temple a maEi of ligr ~ 
which at first seemed to be very remote; it ti ~ 
fonaed itself, in coming nearer, into a face 

Itiently divine and Bupematura), of a sevi 
hit mixed with gentleness, and extremely beaiiti' 
H. According to the institutions of a mysterious 
ngion, the Alexandrians honoured it as Osiris 
nd Adonis." 
i Among more modem examples of this iUti«ion, 
■K may mention the case of the Emperor Basil of 
Ibcedonia. inconsolable at the loss of his son, 
Ebia sovereign had leconrse to the prayers of the 
Pmtiff Theodore Santabaren, who was celebrated 
fiir liiB power of working miracles. The eccleii- 
■atical conjuror exhibited to him the image of his 
beloved sou magni6cently dressed and t 
upon a superb charger : the youth rushed 
lua fatber, threw himself into his arms, and disa] 
pevred. M. Salverte judiciously nbservei _ ^ 
this decepticm could not have been performed by a 
nai person, who imitated the figure uf the young 
prince. The e.\isteuceof this person, betrayed by 
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80 remarkable a reseniblance, and bj the trick of 
the exhibition, could not fail to have been dUco- 
Tered and denounced, even if we could explain how 
the Eon could be to inetantaneuusly disentangled 
from his father's embrace. The emperor, in short, 
saw the atrial image of a picture of his son on 
horseback, and as the picture was brought nearer 
the mirror, the image advanced into his arms, 
when it of course eluded his affectionate grasp. 

These and otlier allusions to the operations of 
the ancient magic, though sufficiently indicative of 
the methods which were employed, are too meagre 
to convey any idea of the splendid and impoeing 
exhibitions which must have been displayed. A 
national system of deception, intended as an instru- 
ment of government, must have brought into re- 
quisition not merely the scientific skill of the age, 
but a variety of subsidiary contrivances, calculated 
to aatoniflh the beholder, to confound his judg- 
ment, to dazzle bis senses, and to give a predomi- 
nant influence to the peculiar imposture which it 
was thought desirable to establish. The grandeur 
of the means may be inferred from their efficacy, 
-and from the extent of their influence. 

This defect, however, is, to a certain degree, 
supplied by an account of a modem necromancy, 
which has been left us by the celebrated Benve- 
nuto Cellini, and in which he himself performed 
an active part. 

" It happened," says he, " through a variety of 
odd accidents, that I made acquaintance with a 
Sicilian priest, who was a man of genius, and well 
.versed in the Latin and Greek authors. Hap- 

oing one day to have some conversation with 
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when the Bubject tiimed upon the art of 
cromoncy, I, who had a great depire to knm 
mmelhing of the matter, told him, that I had a] 
ray life felt a curiosity to be acquainted with thd' 
myBterics of this art. 

■' The priest made answer, ' That (he man must 
be of a resolute and steady temper who eutfira 
upon that study.' I replied, ' That I hail fortiHide 
and resolution enough, if I could but find an 
opportunity,' The priest eubjoiued, ' If you think 
you have the heart to venture, I will give you all 
the Batisfnclion you can desire.' Thus we agreed 
to enter upon a plan of necromancy. The priest 
one evening prepared to satisfy me, autl desired 
me to look out for a companion or two. I invited 
one Vioceniio Romoli, who was my intimate ac- 
quaintance : he brought with him a native of 
Pietoia, who cultivated the black art himself. We 
repaired to the Colosseo, and the priest, according 
to the custom of necromancers, began to draw 
rirclea upon the ground, with the most impresBive 
ceremonies imaginable: he hkewise brought hither 
aeeafoetida, several preciousperfumes, and fire, wiUi 
lionie coin])osition3 also, which difiiieed noisome 
odours. As soon as he was in readiness, he made 
an opening to the circle, and having taken us hy 
the hand, ordered the other necromancer, his part- 
ner, to throw the perfiimes into the (ire at a proper 
time, entrusting the care of the fire and perfumes 
to the rest; and thus he began his incantations. 
This ceremony lasted above an hour and a half, 
"in there appeared several legions of devils, in- 
luch that the amphitheatre was quite filled with 
I was busy about the perfumes, when the . 
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priest, perceiving there was a conGiderable num- 
ber of infernal spirits, turned to me and said, 
~ Benvenuto, aek them eomelhing.' 1 answered. 
Let them bring me into the coinpauj of my 
Sicilian mistress Angelica.' That night "lie ob- 
tained no answer of any sort ; but I had received 
great satisfaction in having my curiosity so far 
indulged. The necromancer told nie it was requi- 
eite we should go a seinmd time, assuring me 
that I should lie satiaiied in whatever I asked; 
but that I must bring with me a pure, immaculate 
boy. 

" I took with me t> youth who was in my eervice, 
of about twelve years of age, together with the 
same Vincenzio Komoli who had been my com- 
panion the first time, and one Agnolino Gaddi, an 
intimate acquaintance, whom I likewise prevailed 
on to aseist at the ceremony. When we came to 
the place appointed, the prieat having made hia 
preparations as before, with the same apd even 
more striking ceremonies, placed us within the 
circle, which he had likewise drawn with a more 
wonderful art, and in a more solemn manner than 
at otu: former meeting. Thus, having committed 
the care of the perfumes and the fire to my friend 
Vinceniiio, who was assisted by Agnolino Gaddi, 
he put into ray hand a piataculo or magical chart, 
and bid me turn it towards the places that he 
should direct me; and under the pintacnlo I held 
the boy. The necromancer, having begun to make 
his tremendous invocations, called by their names 
a multitude of demons who were the leaders of 
the several l^ons, and questioned them, by the 
o£ the eternal uncreated God, who lives for 
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viL'T, iu the Hebrew language, as likenia _ 

mil Greek; inflomuch that the amphitheatre was 
Jmnst ill an instant filled with ilemoiiB more 
luaieroiia than at the former conjaration, Vin- 
(.nzio Romoli wus husieil in making a fire, with 
:lie assistance of Agiiulino, and burning a greatJ 
jiiantity of precious perfumes. I, by the directioiMil 
111 the necromancer, agatn desired to be in th^m 
iDiupaiiy of my Angelica. The former thereupon^ 
luming to me said, — ' Kngw, they have deckre4 1 
that, in the space of a month, you shall be ii ' 
company.' 

" He thus requested me to stand rcsuluCc];^ by 
iiiiu,becausc the legions werenow above a thousand 
more in number than he had designed; andbcaidcB, 
:besc were the most dangerous; so that, after they 
had answered my questiun, it behoved him to be 
civil to them, and dismiss them quietly. At the 
same time the boy under the pintaculo was in a 
terrible iright, saying, that there were in that place 
"^ lillion of fierce men, who threatened to destroy 
and that, moreover, four armed giants of 

stature were endeavouring to break into 
circle. During this time, whilat tlie necro- 
mancer, trembling with fear, endeavoured by mUd 
and gentle methods to dismiss them in the beat 
way he could, Vincenzio Romoli, who quivered 
like an aspen leaf, took care of the perfumea. 
Though I was as much terriiiGd aa any of them, I 
did my utmost to conceal the terror I felt ; so that 
I greatly contributed to inspire the rest with reso- 
' "■ "lut the truth is, I gave myself over for a i 
I, seeing the horrid fright the necromancof ■ 

The boy placed his head between hl^T 
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knees and said, ' In tliis posture will 1 die; for 
we Bhall all surely periah.' I Uildhiin that all these 
demoDB were under us, and what he «aw waa 
Bmoke and shadow ; bo bid him hold up his head 
and take courage. No sooner did he look up ihail 
he cried out, ' The whole amphitheatre is burn- 
ing, and the tire is just falling upon us.' So co- 
vering his eyes with his hands, he again exclaimed, 
•that destruction was inevitable, and desired ta 
Bee no more.' .The necromancer entreated me to 
have a good heart, and take care to bum proper 
perfiimes; upon which I turned to Ronioli, and 
bid him bum all the most precious perfumes he 
had. At the same time, 1 cast my eye upon 
Agnolino Gaddi, who was terrified to such a de- 
gree that he could scarce distinguish objects, and 
seemed to be half-dcnd. Seeiug him in this con- 
dition, I said, ' Agnolino, upon these occasions a 
man should not yield to fear, but should stirabout 
and give his assielance, so come directly and put 
on some more of these.' The effects of poor 
Agnolino's fear were overpowering. The hoy 
hearing a crepitation ventured once more to raise 
his head, when, seeing mc laugh, he began to take 
courage, and said ' Tliat the devils were flving 
away with a vengeance.' 

"In this condition we stayed till the bell rung 
for morning prayers. The boy again told us, that 
there remained but few devils, and tbeee were at a 
great distance. When the magician had performed 
the rest of his cercmouics, he stripped off his 
gown, and took up a wallet full of hooks which he 
had brought with hira. 

" We all went out of the circle together, keeping 
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ns close to each other as we possibly coulil, espe- 
eiftlly the boy, who hud placed himself in the middle, 
holding the necromaucer by the coat, aud me by 
lite cloak. As we were going to our houses iq the 
ijuarter of Banchi, the boy told us that two of the 
demona wboni we had seen at the amphitheatre 
nent on before us leaping an<l skipping, Eometimes 
running upon the roofs of the houses, aud some- 
times upon the ground. The priest declared, that 
though he had oRen entered magic circles, nothing 
Eo extraordinary had ever happened to him. Ab 
we went along, he would fain persuade me to assist 
with him at consecrating a brook, from which, he 
said, we should derive immense riches : we should 
then ask the demons to discover to us the various 
treasures withwhich the earth abouuds, which would 
raise us to opulence and power j but that these love- 
affairs were mere follies, from whence no good could 
be expected. I auewered, 'That I would readily 
^^ave accepted his proposal, if I understood Latin.* 
^^He redoubled his persuasions, assuring me, that 
^^Be knowledge of the Latin language was by no 
^^■eane material. He added, thut he could have 
^^■tin scholars enough, if he had thought it worth 
while to look out for them, but that he could never 
have met with a partner of resolution and intrepi- 
dity equal to mine, and tHat I should by all meana 
follow his advice. Whilst we were engaged in (' ' 
conversation, we arrived at our respective houi 
and all that night dreamt of nothing but devils 
It is impossible to peruse the preceding dcsci 
tion without being satisfied that the legions of 
vils were not produced by any influence upon 
imaginations of the spectators, but were actual 
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^^K tiCEJ ph&nttume, or the imogea of pictures or ob- 
^^ft jects produced by one or more concave mirrors or 
^H lenses. A fire ia lighted, atid perfumes and incense 
^B are burnt, in order to create a ground for the 
^B images, and the beholders arc rigidly confined 
' witbiu the pale of the magic circle. The concare 

mirror and the objects preaented to it having been 
so placed that the peraons within the circle coold 
not Bi^e the aSrial image uf the objects by the rays 
directly reflected from the mirror, the work of de- 
ception waa ready to begin. The attendance of 
the magician upon his mirror was by uo measa 
neceeaary. He took hia place along with the 
spectators within the magic circle. The images of 
the devils were all distinctly formed iu the air im- 
mediately above the fire, but none of tliem could 
be Been by thoae within the circle. The moment, 
however, thai perfumea were thrown into the tire to 
produce smoke, the first wreath of amoke that rose 
through the place of one or more of the images, 
would reflect them to the eyes of the spectator, and 
they could again disappear if the wreath was not 
followed by another. More and more images 
would be rendered viaible as new wi-eaths of smoke 
aroHc, and the whole group would appear at once 
when the smoke was uniformly diffused over the 
place occupied by the images. 

The " compositions which diffused noisame 
odours " were intended to intoxicate or stupify the 
spectators, ao as to increase their liability to de- 
ception, or to add to the real phantasms which were 
before their eyes othera which were the offspring 
only of their own imaginations. It b not easy to 
Rather from the description what parts of the ex- 
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I hibilion were actually preBented to the eyes of tklkl 
Htaectators, and what parts of it were imagined by 
^^Kenif«lvea. It is quite evident that the boy, u 
^Kell &s Agnolino Gaddi, were so overpowered with 
^Ktmor that they fancied many things which they 
' did Dot see; but when the boy declarea that four 
enned giants, of an enornioUB stature, were threat- 
ening to break into the circle, he gives an accurate 
description of the effect that would be produced 
by pushing the figures uearer the mirror, and then 
magnilying tiieir images, and causing them to ad- 
vance towards tlie circle. Although Cellini de- 
clares that he was trembling with fear, yet it is 
quite evident that he was not entirely ignorant of 
the machinery which was at work, for in order to 
mcourage the boy, who was almost dead with fear, 

P assured them that tlie devils were under their 
wcT, and tliat " what he saw was smoke and 
Mr, RoBCoe, frnm wlinae Life of Cellini the pre- 
ceding description is taken, draws it similar con- 
clusion from the consolatory words addressed to 
the hoy, and states that they " confirm him in the 
belief, that the whole of these appearances, like a 
phantasmagoria, were merely the eflects of a magic 
lantern produced on volumes of smoke from va- 
rious kinds of burning wood." In drawing this 
conclusion, Mr. Roscoe has uot adverted to the 
&ct, tliat this exhibition took place about the mid- 
dle of the 16th century, while the magic lantern 
was not invented by Kircher till towards the mid- 
dle of the nthcentury,Cellini having died in 157" — 
and Kircher having been bom in I60i. There 
no doubt that the effects described could be j 
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duced by tliis inatninient, but we are not entif^H 
to have recourse to any other means of explqnatiait 
but thoEe wliich were known to exist at the time of 
Cellini. If we Euppose, however, that the necro- 
mancer either had a regular magic lantern, or that 
he had fitted vi|) his concave mirror in a box con- 
taining the figuree of his devils, and that this box 
with ita lights was carried home with the party, 
we can easily account for the declaration of the 

I boy, " that, as they were going home to their houses 
in the quarter of Bancbi, ttco of Oie demons whom 
me had seen at the Amphitheatre, vsent on hefore 
ttt leaping and shipping, sometimes running upon 
the roofs of the Iwuses, and sometimes upon tlie 
ground.'' 

The introduction of the magic lantern as an 
optical instrument supplied the magicians of the 

I llth century with one of their most valuable tools. 

I The use of the concave mirror, which does not 
appear to have been even put up into the form of 
an instrument, required a separate apartment, or 
at least that degree of concealment which it was 
difficult on ordinary occasions to command ; but 
the magic lantern, containing in a small compass 
its lamp, its lenses, and ita sliding figures, was 
peculiarly fitted for the itinerant conjuror, who had 
neither the means of providing a less portable and 
more expensive apparatus, nor the power of trans- 
porting and erecting it. 

The magic lantern shown in the annexed figure 
consists of a dark lantern, A B, containing a lamp 
G, and a concave metallic mirror, M N, and it is so 
constructed that wlien the lamp is lighted, not a 
thy of light is ahle to escape from it. Into the side - 



of the lantern is fitted a double tube, C D, the outer 
half of which D, ia capable of moving within the 
other half, A large plano-convex lens C, is fiKcd 
at the inner end of the double tube, and a small 
convex lens D, at the outer end; and to the fixed 
lube C E, there is joined & groove E F, in which 
the sliders containing the painted objects ara 
plftced, and through which they can be moved, 
"fch slider contains a aeries of Bgurea or pictures 
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painted on glass with highly transparent colours. 
The direct light of the lamp G, and the light re- 
flected from the mirror M N, falling upon the illu- 
minating lens C, is concentrated by it ao aa to 
throw a brilliant light upon the painting on the 
slider, and as this painting ia in the conjugate 
fiKus of the convex lens D, a magnified image of 
it will be formed on a white wall or white cloth 
placed at P Q. If the lens D ia brought nearer 
to E F, or to the picture, the distinct image will be 
more niHgnififd, and will be formed eX 
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^ diBtance from D, so that if there is any particnW^^ 
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I that if there is any partici 
distance of the image which is more convenient 

than another, or any particular size of the object 
which we wish, it can be obtained by varying' the 
difltance of the lens D trom E F. 

When the image is received on an opaque 
ground, as is commonly the case, the spectators 
arc placed in the same room witli the lantem ; but 
for the purposes of deception, it would be neces- 
sary to place the taotem in another apurtment like 
the mirror in Fig. 4, and to throw the magnified 
pictures on a lai^e plale of ground glass, or a 
transparent gauze screen, stretched acrosB an 
opening E F, Fig. 4, made in the partition which 
separatee the spectators from the exhibitor. The 
im^ea might, lilte those of the concave mirror, 
be received upon wreathB of smoke. These images 
are of course always inverted in reference to the 
position of the painted objects ; but in order to 
render them really erect, we have only to invert 
the Bliders. The representations of the magic 
lantern never fail to excite a high degree of in- 
terest, even when exhibited with the ordinary 
apparatuB ; but by using double sliders, and vary- 
ing their movements, very striking effects may be 
produced, A smith, for example, is made to ham- 
mer upon his anvil, — a figure is thrown into the 
attitude of terror by the introduction of a spectral 
apparition, — and a tempest at sea is imitated, by 
iiaving the sea on one slider, and the ships on 
other sliders, to which an undulatory motion ia 
communicated. 

The magic lantern is susceptible of great im- 
provewent in the painting of the figures, and in 
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\he mcdiamsm mud combination of llie iilidcrs. A 
painted figure which appears well executed to the 
nnassisted eye, becomes a mere tiaub when mag- 
nified 50 or 100 times ; and when we consider 
what kind of artiBts are employed in their execu- 
tion, we need not wonder that this optical instru- 
ment has degenerated into a mere toy for the 
■muHement of the young. Unless for pubhc es- 
bitutiDii, the expenae of exceedingly minute and 
mnrited drawings could not be afforded ; but I hove 
no doubt that if such drawings were eseculed, a 
great part of the expense might be saved by en- 
graving them on wood, and transferring their out- 
line to the glass sliders- 

A series of curious represenlations might be ef- 
fected, by iascrtiiig glass plates containing suitable 
figures in a trough having two of its sides parallel, 
and made of plate glass. The trough must be in- 
troduced at E F, so that the figure on the glass is 
at the proper distance from the object lens D. 
When the trough is filled with water, or with any 
transparent fluid, the picture at P Q will be seen 
with the same distinctness as if the figure had been 
introduce by itself into the groove E F ; but if 
any trrLnsparent fluid of a different density from 
water is mixed with it, bo as to combine with it 
quickly or slowly, the appearance of the figmre 
displayed at P Q will undergo singular changes. 
If spirits of wine, or any ardent spirit, are mixed 
with the water, so as to produce throughout its 
mass partial variations of density, the figure at P Q 
will be 83 it were broken down into a thousand _ 
parts, and will recover its continuity and distinct- 
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wbca the two fluids have comblacd. U & 
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of less density than water is laid gently upon 
water, so as to mix witb it grnduelly, and produce 
a regular diminution of density downwards ; or if 
saline substances soluble in water are laid at the 
bottom of the trough, the density will diminish iip- 
vards, and the figure will undet^o the moat curioiu 
elongations and contractions. Analogous effects 
joay be produced by the application of heat to the 
Burface or sidea of the trough, bo that we may eflect 
at the same time both an increase and a diminution 
in the density of the water, in coneeijuence of 
which the magnified images will undergo the raost 
remarkable transfonnations. It is not necessary 
to place the glass ))late which contains the figure 
within the trough. It may be jilaccd in front of it, 
and by thus creating aa it were an atmosphere with 
local variations of density we may exhibit the phe- 
nomena of the mirage and of looming, in which 
the inverted images of ships and other objects are 
seen in the air, as described in another letter. 

The power of the magic lantern has been greatly 
extended by placing it on one side of the trans- 
parent screen of taffetas, which receives the images 
while the spectators are placed on the other side, 
and by making every part of the glass elideiB 
opaque, excepting the part which forma the figures. 
Hence all the figures appear luminous on a black 
ground, and produce a much greater effect with 
the same degree of illumination. An exhibition 
depending on these principles was brought out by 
M. Philipstal in 1802, under the name of the 
Phantasmagoria, and when it was shown in Lon- 
don and Edinburgh it produced the most imprea- 
effects upon the spectators. The small theatre 




fexhibitJon was lightcul ot.ly by nne hnnglng 
!»mp, the flame of which was drawn tip itita an 
(ijraque chimney or shade when the performance 
began. In this " darknees viBihle" the cinlain 
lose and displayed a cave with skeletons and other 
terrific figures in relief u[ion its walla. The 
flickering light was then drawn up beneath its 
jhroud, and the spectators in total darkTieaa'fniind 
ihemaelves in the middle of thunder and light- 
ning, A thin transparent screen had, tmknown to 
the spectators, heen let down after the disappear- 
ance of the hght, and upon it the flashes of light- 
ning and all the subsequent appearances were re- 
presented. This screen being half-way between 
the speclalors and the cave which was first shown, 
and being itself flivisible, prevented the observers 
from having any idea of the real distance of the 
figures, and gave them the entiic character of aErial 
pictures. The th\inder and lightning were followed 
by the figures of ghosts, skeletons, and known ii 
dividuals, whose eyes and month were made to 
move hy the shifting of combined sliders. After 
the first figure had heen exhibited for a short time, ' 
it began to grow less and less, as if removed to & 
great distance, and at last vanished in a ^mall 
cloud of light. Out of tins same cloud the germ 
of another figure began to appear, and gradually 
grew larger and larget, and approached the spcc- 
taiors, till it attained its perfect development. In 
this manner the head of Dr, Franklin was trans- 
formed into a skull ; figures which retired with the 
freehnesB of life came back in the form of skele- 

ns, and the retinng skeletons returned 
drapery of fleeh and blood. 
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The exhibition of these tranamuUtioTiB was fol- 
lowed by spectres, BkeletonB, and terrific figurea, 
which, instead of receding and vanisIiiDg as be- 
fore, Bnddenly advanced upon the s])ectatora, be- 
coming larger as tliey approached them, and finaliy 
vaniehed by appearing to sink into the ground. 
The effect of this part of the eshihition was natu- 
rally the most impresEive. The spectatorB were 
not only surprised hut agitated, and many of them 
were of opiiiioa that they could have touched the 
figurea. M. Robertson, at Paris, introduced along 
with hie pictures the direct shadows of living ob- 
jects, which imitated coarsely tlie appearance of 
those objects in a dark night or in moonlight. 

All these phenomena were produced by varying 
the distance of the magic lantern A B., Fig. 5, 
from the screen P Q, which remained fixed, and 
st the same time keeping the image upon the screen 
distinct, by increasing the distance of the lens D 
from the sliders in E F. When the lantern ap- 
proached to PQ, the circle of light PQ, or the 
section of the cone of rays PDQ, gradually di- 
minished, and resembled a small bright cloud, whfta 
D was close to the screen. At this time a new 
figure was put in, so that when the lautem receded 
from the screen, the old figure seemed to h&TC 
been transformed into the new one. Although Ae 
figure was always at the same distance from the 
-spectators, yet, owing to its gradual diminution is 
size, it necessarily appeared to be retiring to a dia- 
tance. When the niagic lantern was withdrawn 
frumPQ,and the lens D at the same time brought 
neaier to £F, the image in PQ gradually in- 
creased in size, and therefore seemed in the same 
proportion to be approadiiQ^ ftit *^i\si.\»t». 



a this e^bitiou vina tu any repreEca* 
Udon that had beeu previously made by the magic 
IaDteni,it still laboured under several iniperfectionei. 
The figures were poorly drawn, and in. other re- 
■pectH not well esecuted, and aa atttanpt whatever 
was made to remove the optical incongruity of 
tke figures becoming more luminous when they 
retired from the observer, and more obacure when 
they approached to him. The variation of the 
distance of the lens D from the slidere in £ F was 
Dot exactly adapted to the motion of the lantern 
to and from the acreen, an that the ontliue of the 
figures was not equally distinct during tlieir varia- 
tions of magnitude. 

Dr. Thomas Young suggested the arrangement 
Au wtt iu Fig. 6 for exhibiting the phontaamugoria, 




The magic lantern is mounted on a small car E 
iriiich runs on wheels W W. The direct light oi 
t lamp G, and that reflected from the mirror U^fl 
mdensed by the illuminating lenses C C, upOBd^ 
htranapareat tiguers in the opaque alideia a.t M 
V 1 




ftnd the imege of these BgureB is furmed at PQ,] 



the object leua D. When the car H is dra 
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I itB wheels, the rod I K brings down the point 
K, and, by means of the rod K L, pushea the lens D 
nearer to the sliders in E F, and when the car 
advances to P Q, the pniot K is raised, aad the 
rod K L draws out the leiis D from the slider, so 
that the image is always in the conjugate focus of 
D, and therefore distinctly painted on the screen, 
The rod K N must be equal in length to I K, and 
the point I must be twice the focal length of the 
lens D before the object, L being immediately under 
the focus of the lens. In order to diminish the 
hrightnesB of the image when it grows small and 
appears remote. Dr. Young contrived that the sup- 
port of the lens D should suffer a screen S to fall 
and intercept n jiart of the light. This method, 
however, lias many disadvantages, and we are satis- 
tied, that the only way of producing a variation in 
the light corresponding to the vaiiation in the size 
of the image, is to use a single illuminating lens 
C, and to cause it to approach E F, and throw 
less light upon the figures when D is removed frwa 
E F, and to make C recede from E F when I) 
approaches to it. The lens C should therefore be 
placed in a mean position, corresponding to a 
mean distance of the screen, and to the ordinary 
size of the figures, and should have the power of 
bdng removed from the slider E F, when a greater 
intensity of light is required for the images when 
they are rendered gigantic, and of being brought 
close to E F when the images are made small. 
The size of the lens C ought of course to be such 
^/uit the section of its cone of rays at E F is equal 



c of the figure on the elidcr when C is at I 
jisgrcatCBt distunci! from the shder. 'I 

The method recnminended by Dr. Young foi 1 
(julling out &nd pushing in (he ubject lens D, ac-> 
rording as the lunteni approaches to or receilea 
from the screen, is very ingenious and effective. 
Il is, however, clumsy in itself, and the connexion 
of the levers witli the screen, and their interposi* 
ti on between it and the Ian tern, must interfere with 
the operations of the exhibitor. It if, benideg, 
suited only to short diatsDccs between the screen 
and the lantern ; for when that distance is conaU _ 
derable, as it must sometimes require to be, tha. J 
Jevera K L, K I, K T, would bend by the leaatfl 
strain, and l)ccome unAtted for their purpose. FotV 
these reasons the mechanism which adjusts the 
lens D should be moved by the axle of the front 
wheels, the tube which contains the lens should be 
kept at its greatest distance from E F by a slender 
Epring, and should be pressed to its proper distance 
by the action of a spiral cam suited to the optical 
relation l>etween the two conjugate focal distances 
of the lens. 

Superior as the rqiresentattons of the phantas- 
magoria arc to those of the magic lantern, they 
are atill liable to the defect which we have men- 
tioned, namely, the necessary imperfection of the 
minute transparent figures wlien magnified. Thi^ I 
defect cannot be remedied by employing the moit 
pkilful artists. Even Michael Angelo would hav4 
" ~ " ' 1 executing a figure an inch long wiAl 

taspaient vamislies, when all its imperfection» i 
t to be magnified. In order, therefore, to pefwl 
■fiATt of representing phantaac\B,\"tet}' 
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muet be living ones, and in place of chalkyu 
drawn figures, mimicking humanity by the most 
abeurd geBticulatiou?, we shall have phantasms of 
the most perfect delineotion, clothed In real drapery, 
and displaying all the movements of life. The ap- 
paratus by which such objects may be used, may 
be called the raiadioplrical phantasmagoria, as 
it operates both by reflexion and refraction. 

The combination of mirrors and lenses wliich 
t adapted for this purpose is shown in 
V\%. 7, where A B is a living figure placed before 
a large concave mirror M N, by means of which a 
diminished and inverted image of it is formed at a 6. 
If PQ is the transparent screen upon wliich the 




image is to he shown to the spectators on the rigM 
hand of it, a large lens LL must be so placed 
before the image a b, as to form a distinct and 
erect picture of it at A' B' upon the screen. When 
the image A' B' is required to be the esact size of 
vA B, the lens L L must magnify the small image 
'^i as much as the duttoi Ul^ &vDu.'n\«lHa tin 



fipire A B, The living object A B, t!ie mirror 
M N, and the lens L L, must all be placed in a 
inovenble car for the p^irpnee of producing the 
Tariatione in the eize of the phantasms, and the 
transformations of one figure into another. The 
I'ontriynnce for adjusting the lens L L, to give a 
distinct picture at different distances of the screen, 
will, of course, be required in the present appara- 
ins. In order to give full effect to the phantasms, 
the living objects at A B will require to be iUu- 
toinated in the strongest manner, and should al~ 
ways be dressed either in white or in very lumi- 
nous colours ; aud in order to give them relief, a 
black clolh should be stretched at some distance 
behind them. Many interesting effects might hIho 
be produced by introducing at A' B fine paintings 
■nd busts. 

It would lead us into too wide a field were we 
to detail the immense variety of resources which 
the science of optics furnishes for such exhibi- 
tions. One of these, however, is too useful to be 
))assed without notice. If we interpose a priani 
with a BTuall refracting angle between the image 
a b. Fig. 7, and the lens L L, the part of the 
figirre immediately opposite to the prism will be 
iLB it were detached from the figure, and will be 
exhibited separately on the screen P Q. Let us 
"^TOpose that this |)art is the head of the figure. 
■ Wiay be detached vertically, or lifted from the 
^ as if it were cut off, or it may be detached 
mwarda and placed mi the breast e 
Bgurc were deformed. In detaching the head 
rerticaUy or laterally, an opaque screen must i 
aj^ilied to preveat aiiy port of tlK \vuii f 
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u by rays wliicli ilo not pass tlirougli tl 
but this BTid other practical details will ^ 
■oon occur to those who put the niethail to &u 
experimental trial. The application of the priaui 
ia shown in Fig. S, where a 6 ia the inverted 
image formed by a concave mirror, A B C a 
prism with a email refracting angle B C A, placed 
between a b and the lens h L, s s small opaque 
ecreen, and A B the figure with its bead detached. 
A hand may be made to grasp the hair of the 
head, and the aspect of death may be given to it, 
as if i[ bad been newly cut off. Such a reprc- 
aentation could be easily made, and the cHect 
upon the spectators would be quite overpowering. 
The lifeless head might tben be made to recover 
its vitality, and be safely lepkced iipaa the 
figure. If the bend A of the living object A B, 




Fig. 7, is covered with black cloth, the head of a 
jiersnn or of an animal placed above A might be 
set upon the shoulders of the figure A B by the 
refrantion of a prism. 

When tbe figure a h. Fig. 8, is of very small 
L (Ziajensiona, as in tbe la&gic la,atieni,a email giuii) 
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nf glass wnuld answer the purpose rec[Hired of it! 
hut in public exlilbitioas where the image a b 
iDUBt be of a considerable eizc, if formed by a 
concave niiirnr, a very large prism would be ne- 
cessary. This, however, though inn practicable 
with solid glass, may be easily obtained by roeana 
of two large pieces of plate glass made into a 
prismatic vessel and filled with water. Two of 
the glasses of a carriage window would malce a 
prism capable of doubling the whole of ihe bust 
of a living person placed as aii object at A B, 
Fig. 7, so that two perfectly similar phantasms 
might be exhibited. In those cases where the 
images before the lens L L are small, they may 
be doubled and even tripled by inferpoaing a well- 
(ireparcd plale of calcareous spar, that is, crosaed 
by a thin film. These images would possess the 
singular character of being oppositely coloured 
and of changing their distances and their colours 
r slight variations in the positions of the plate " 
Iti order to render the images which art 
the glass and \vater prisms as perfect 
le, it would be easy to make them achromat 
I the figures might be multiplied to any exti 
by rising several piisros, having their refracting 
edges parallel, fur the purpose of giving a 81^' 
milarity of position to all the images. 

Among the instrumenlH of natural magic whicit 
were in use at the revival of science, there was 
one invented by Kircher for exhibiting the mys- 
teriouE handwriUug on the wall of an apartment 
from which tliu magician and his apparatus wen 
excluded. The anneseil figure represents thii 
• See E-liii. EiTcycla/ieda, Art. Omcs, Vul.iv. ^, W 
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paratns aa g en by Schotti s The apiiTtnient in 
which the apertators are | laced a between L L 
and G H and there a an open ^ ndon n the side 
next L L, G H being the inside of the nail op- 
poaite to the window. Upon the face of the 
plane Bpcculum E F are written the words to be 
introduced, and when a lens L L is placed at such 
a distance from the speculum, and of Buch a focal 
length, that the letters and the place of their re- 
presentatioa are in its conjugate foci, a distinct 
image of the writing wilt be eshibited on the wall 
at G H. The letters on the Bpeculum are of 
couree inverted, as seen at E F, and when they 
are illumluated by the sun's rays S, as shown in 
the figure, a distinct image, as Schottus assures 
UB, may be formed at the distance of 500 feet. 
In this experiment the speculum is by no means 
necessary. If the letters are cut out of an opaque 
card, and illuminated by the light of the sky in 
the day, or by a lamp during night, their de- 
lineation on the wall would be equally distinct. 
In the day time it would be necessary to place the 
letters at one end of a tube or oblong box, and 
lens at the other end. As this deception is 
formed when the spectators are unprepared for 
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any such exhibitioii, the warning UTitten in lu* 
miaoue letwrs on the wall, or any word aeaociated 
with the fate of the individnal observer, could not 
fail to produce a singular edect upon his mind. 
The words might be laagnified, diminished, mul- 
tiplied, coloured and obliterated, in a cloud of 
light, from which they might again re-appear by 
the methode already deacribed, hb applicable 
the magic lantern. 

The art of forming aerial repiepentationa was a 
great deEtderatum among the opticians of the 17 th 
century. Vilellio and others had made many ua- 
suecessfut attempts to produce such images, and 
the speculations of Lord Bacon on the subject anr, 
too curious to be withheld from the reader. 

" It would be well bolted out," says he, " whe- 
ther great refractions may not be made upon 
flexions, as well as upon direct beams. 
example, take an empty basin, put an angel or 
what yon will into it ; then go bo far from the 
basin till you cannot see the angel, because it is 
not in a right line; then fill the basin with water, 
and you shall aee it out of its place, because of 
the refraclion. To proceed, therefore, put a 
lookuig-glusB into a basin of water. I suppose 
yon shall not Gee the image in a right line or at 
equal angles, but wide. I know not whether this 
experiment may not be extended, so as you might 
Ke the image and not the glass, which, for beauty 
and atrangeuesfl, were a fine proof, fur then yoo 
should see the image like & spirit in the air. As, 
for example, if there be a cistern or pool of water, 
you shall place over against it the picture of th^ 
devil, or what you will, so as that ^ou ^ t»A. " 
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the water. Tlien put a looting-glai 
water; now if you cau see the devil'a jricture 
aauie, not seeing the water, it would look like the 
devil indeed. They have an old tale in Oxford, 
that Friar Bacon walked between two steeples, 
which waa thonglit to be done hy glasses, when 
he walked upon the ground." 

Kircher also devoted himself to the production 
of luch images, and he has given in the annexed 
figure his method of producing them. At the 
bottom of a polished cjlindrical vessel A B he 
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placed a figure C D, which we presume must have 
beeu highly illuminated from below, and to the 
Bpectatora who looked into the vessel in nn oblinue 
direction there was exhibited an image placed 
vertically in the air as if il were ascending at the 
mouth of the TCssel. Kircher assures us that he ' 

e exhibited in this manner a representation of 
the Ascension of our Saviour, and that the images 
I verc so perfect that the apeclftWia i;om11 not be 
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{■ereuaded, till they had attempted Co haiidl<: tbcnid 
that they were not real Bubstances. Althoup^ 
Kircher does not meiitioo it, yet it is manife^ 
that the original figure A B must have been | 
deformed or anamorphous drawing, iii order to ■■ 
give a reflected image of just jiroportioHs. We 
doubt, indeed, if the representatiou or (he figure 
wa.B ever exhibited. It is entirely incompatible 
with the !awB of reflexion. 

Among the ingenious end beautiful deceptions 
tf the nth century, we must enumerate that of 
the re-formatiou of distorted pictures by reflcsion 
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from cylindrical and conical mirrorE. la these 
repreBentationB, the original image from which a 
perfect picture is produced ie often eo completely 
distorted, that the eye cannot trace in it the re- 
Bemblance to any regular figure, and the greatest 
degree of wonder is of course excited, whether 
the original image is concealed or exposed to 
view. These distorted pictures may be drawn by 
strict geometrical rules ; but I have shown iu 
Fig- 11a simple and practical tucthod of csecuting ' 
them. Let M N be an accurate cylinder made 
of tin-plate or of thick pasteboard. Out of the 
fajtber side of it cut a small aperture abed; and 
out of tbe nearer side cut a larger one A B C D, 
the size of the picture to be distorted. Having 
perforated the outline of the picture with small 
holes, place it on the opening AB C D bo that 
its surface may be cylindrical. Let a candle or a 
bright luminous object, the smaller the better, be 
placed at S, aa far behind the picture A B C D as 
the eye is afterwards to be placed before it, and 
the light passiug through the small holes will re- 
present on a horizontal plane a distorted image 
of the picture A'B' C D', which, when sketched 
in outline with a pencil, and shaded or coloured, 
will be ready for use. If we now substitute a 
polished cylindrical mirror of the same size in 
placeof MN, then the distortedpicture, when laid 
horizontally at A'B' CD', will be restored to its 
original state when seen by reflexion at A B C D 
in the polished mirror. It woiild he an improve- 
ment on this method to place at AB C D a thin 
and flexible plate of transjiarent mica, having 
drawn upon it with a sharp point or painted upon 
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^H the figure required. The projected image of 
I thiB figure Bt A' B' CD' nifty then be accurately 
copied. 
The effect of a cjhudncal mirror is shown in 
^ig. 13, whicii IS copitd from an old one which , 
B have seen ni use 




e method above described ie equally applic«- ■ 
Ue to concave cjbndncaL mirrors, and to those of 
a conical form, and it roay also be applied to mii^ 
Tore of variable curvature, which produce diSerent 
kinds of diatortionfi from different parts of their 
Rorjaces. J 

By employing a mirror whose surface Laa s I 
variable curvature like ABC, Fig. 13, we obtain J 
an instrument fur producing an endless variety oCM 
caricatures, all of which are characterized by Uiai 
resemblance to the original. If a figure MN i 
placed before aiich a mirror, it will of course atKH 
pear distorted and caricatured, but even if the 
figure takes diSerent distances and positions, the 
variations which the image undergoes are neither 




Biifficiently numerous nnr rcmaTkoble tn afford 
much amusenieiit. But if the figure M N is very 
near the mirror, so that new distortions are pro- 
duced by tlie different distances of its difierciit 
parts from the mirror, the most singular cari- 
catureB may he exhibited. If the ligure, for 
example, bends forward liis head and the upper 
part of liis body, they will swell in size, leaving 
his lower extremities short and slender. If it 
draws back the tipper part of the body and ad- 
vances the limbs, the opposite effect will take 
place. In lilce manner different aides of the head, 
the right or the left side of it, the brow or the 
chin, may be swelled and contracted at pleasure. 
By stretching out the arms before the body they 
become like thoEe of an orang outang, and by 
drawing them back they dwindle into half their 
regular size. All these effects, which depend 
chiefly on the agility and skill of the performer, 
may be greatly increased by suitable distortions 
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! Lis own fealurea and figure. The family like- 
liis, which is of couree never loit in all the 
iriety of figures which are thus produced, adds 
.u'ully tn the iulereat of the eihibition; and wc 
!uvc seen iudividuals eo annoyed at recogniziog 
Llieit own likeness in the hideous forms of hu- 
manity wliicli were thus delineated, that they could 
>i:>t be brought to contemplate them a second time. 
If the figure is inaniinate, like the small cast of a 
■ line, the eflect ia very curious, as the swelling 
.'III coDtracting of the parts and the sudden 
■ liaugc of expression give a sort of appearance of 
vitality to the image. The infiexibility of such a 
figure, liowever,-is unfavourable to its traiiaforma- 
tion into caricatures. 

IntcTestiug as tlieae metamorphoses are, they 
lose in the simplicity of the ex^ieriment much of 
the wouder which they could not fail to excite if 
exhibited on « great scale, where the performei 
invisible, and where it is practicable to give 
iFrial representalion of the caricatured figures. 
This may be done by means of the apparatua 
shown in Fig. 1 *, where we may suppose AB to 
be the reduced image seen in the reflecting surface 
ABC, Fig. 13+, By bringing thia image nearer 
Uie mirror MM, Fig. 1, a magnified and inverted 
image of It may be formed at o Ir, of such a mag- 
nitude as to give the last image in P Q the same 
size as life. Owing to the loso of light by the 
two reflexions, a very powerful illumination would 
be requisite for the original figure. If such an 
exhibition were well got up, the effect of it would 
k: very striking. 

- PngeSG. t Puge%, 
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in/ i//uiiaKi—CoHi>friioni af eami-ot ints 
■aUmi into Jrpreaiani, and the tttme— 
,0/ f*ii ctaa ef ieceplion—Singular eftttt 
ion with ligklof one limp/e colour — Lnmptfef 
iBmogmeoat t/cllBa Ughl — MetAndi of incrtai- 
l the rjrel ef Ihii iihihilion—M'lhod of rrnding Ihe 
tmeriplivt nf eiiw hi Ikt dark — jlrl of dcpypArruiy Ike 
effttcrd itiKriftiiin ofeaau—Erflanatian efthtte trngubr 
^K^t^ApfBremt neliim if Ike rye' in parlrailt — He- 
marhnhle txampln of l/iii — Appartnl molioH of l/iefia- 
I, wien the irjei itre mude lr> mow— 
<nrHl of breal/iiag light and diirkitrM. 

In the preceding letter I have given an acco\mt of 
the nioat important instrumente of Natural Ma^c 
which depend on optical principles; but there- 
Elill remaiu several niiBCcllaneoue phcuomenB on 
which the stamp of the marvellouB ib deeply im- 
preescd, and the study of which is pregnant with 
ingtmction and amusement. 

One of the most curiona of these is that &1se 
perception in vision by which we conceive deprea- 
edons to be elevations, aud elevations depreseions, 
or by whidi iataglioa are converted into cameos, 
and cameos into intaghos. This curious fact seems 
to liave been first observed at one of the early meet- 
ings of the Royal Society of London, when one of 




ibe tneiriberE, iu looking at a ^inctt through 
cnnipound mjcroacope of new construction, w 
lurpriecd to see the head upon the coin depresaedj 
while other memhers could only see it emboseed 
u it really was. 

While ueing telescopes antl compound 
icropea. Dr. Gmelio of Wurfemhtirg observed the 
tame fact. The protuberant parts of- ohjecla ap- 
peared to htm depressed, rtnd the depressed parts 
protuberant ; bnt what perplexed him extremely, 
Ihie tllusion took place at some times and not at 
others, in some esperimente and not in others, and 
appeared to some eyes and not to others. 

After making a great mmiber of experiments. 
Dr. Gmclin is said to have constantly observed the 
following effects ; Whenever he viewed any object 
lining upon a plane of any colour whatever, pro- 
\ iilcd it was neither while nor shining, and pro- 
\idedthe eye and the optical tube were directly 
(■pposilc to it, the elevated parts appeared de- 
preescd, and the depressed parts elevated. This 
happened when he was viewing a seal, and as often 
"K he held the tube uf the telescope perpendicu- 

I, and applied it in such a manner that its 
e Burfoce almost povered the last glass of the 
■ The same effect was produced when a com- 
id microscope was used. When the object 
5 perpendicularly, from a plane, and the tube 
mpfiorled horizontally and directly opposite to 
le illusion also took place, and the appearance 
not altered when the object hung obliquely 
e\-en horizontally. Dr. Gmelin is said to have i 
»t Inst discovered a method of preventing this iUa-u" 
Mon,whicli was by looking, not towards the ci 



1 nr?A CrT*. 




of the convexity, but at first to the cilgiisof it onlj, 
and then gradually taking in the whole. " But 
wliy these things should bo happen, he did not 
pretend to determine." 

The best method of observing this deception, ia 
to view the engraved seal of a watch with the eye- 
piece of an achromatic telescope, or with a com- 
pound micrnacope, or any coiDbinatioii of lensea, 
which inverts the objects that are viewed through 
it*. The depression in the seal will immediately 
appear an elevation, like the wax impreeeion which 
is taken from it ; and though we know it to be hol- 
low, and feel its concavity with the point of our 
Bnger, the illusion is so strong that it continues to 
appear a protuberance. The cause of this will be 
uudeietnoil from Fig. 14, where S ia the windoir 
of the opartmciit, or the light which illumiirt"'^ 




tlic /lol/ow seal L R, whose shaded side is 
on the same side L with the light. If we now in- 
vert the seal, with one or more lenses, so that it 
may look in the opposite direction, it will appear to 
the eye as in Fig. 15, with the shaded side L fdr- 
^ ihest fron the window. But as we know that the 

noglc convei lena will anawertbe piirposE, provided 
dthe cyesii or el^hl iDChus bchiad tUu itnii){e of tha 
'in«d ia iIk canjugalE fgcus. 




tHy 1)0 convex or protuberant, we iiiinipiliiitely. J 
believe that t!ie hollow Mai is now a cu 
relief. The proof which the eye thus 
Uie seal being raised, overcomes the evidence of it 
being hollow derived from out actual knowledge, 
and from the eense of touch. In this experiment 
(he deception takes place from our knowing the 
real direclioa of the light whicli falls upon the 
fieal ; for if the place of the window, with respect 
lo the seal, had been inverted as well as the seal 
itself, the Ulusion could not have taken place. 

In order to explain this better, let ue supjiose the 
seal L R, Fig. 14, to be illuminated with a candle S, 
the place of which we cait change at pleasure. If 
we invert L R it will rise into a eanieo, ns in Fig, 
15; and if we then place another candle D on the 
other siile of it, as in Fig, 16, the hollow seal will 
be equaUy illuminated on all sides, and it will sink 
down into a cavity or intaglio. If the two candles 
do not illuminate the seal equally, or if any a 
dental circumstance p; 
is wholly or principally o 
entertain a correspondin 



produces a belief that the I'S^^^I 
ally on one side, the mind wi^^H 
inding opinion respecting ''^^^^l 
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the right hand, and i 

light to come from the left hand. 

If we use a umall telescope to invert the seal» 
and if we cover up all the candle but the flame, and 
arrange the experiment so that the candle m^y be 
inverted along with the image, tlie aeal will atill 
retain ita concavity, because the shadow is atill on 
the same aide with the illuminBting body. 

If we make the aame ejtperimentH with the 
taieed impression of the seal taken ujion wax, we 
afaall obsen'c the very same phenomena, the seal 
being depressed when it alone ia inverted, and re- 
taining it» convexity when the light is inverted 
alraig with it. 

The illusion, therefore, under our couaideration 
is the reault of on operation of our own minds, 
whereby we judge of the forma of bodies by the 
knowledge we have acquired of light and shadow. 
Hence tjie illusion depends on tlie accuracy and 
extent of our Icnowl^lge on this subject ; and 
while some jiersons are under ita influence, othera 
are entirely insensible to it. When the seal or 
Btollow cavity is not polished, but ground, and the 
« round it of uniform colour and smoothness, 



moat every peraoii, whether voung or old, learned 
itr ignorant, will be subject to the illuslun ; be- 
iiii^e the youngeEt and the moat careleEa uhserversl 
.iiiiiot bat know that the ahuilo\v of a hollow is V 
.ihiays on the side nest the light, and ihc ehadow ' 
"f a protuberuuce om the side opposite to the light ; 
l)ut if the object ia the raised impri^s? ion of a seal 
upon was, I have found that, when inverted, it still 
seemed raised to the three youngest of sis \)eT~ ■ 
soaa, while the three eldest were subject to tlie m 
deception. I 

Thia illusion may be diaeipated by a process of ^ 
leaaoning arising from tlie introduction of a new 
circumstance in the espcrimenl. Thvis, let RL, 
Fig. 18, be the inverted seal, which coiiEct[uently 
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a cameo 



lised, aud let an opaque and unpolwhed 
piii A be placed on one aide of the seal Its sha- 
dow will he of course opposite the cdudic aa at B. 
Id this case the seal, which had beci 
by its inversion, will now sink down into a ca 
by the introduction of the pin and its shadow ; 
aathe pin and its shadow are iuveiteJ, as sh' 
in Fig. 18, while the candle retains its place, 

fiw of the pin falling in the direction A B 
gar proof to the eye that thu light is coining 
the right hand, than the actual ki ' ' 
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the candle being on the left hand, nnd therefore 
ihe cameo necessarily siiike into n cavity, or the 
shadow U now on the same side as the light. Thie 
experiment will explain to us why on some ocea- 
iions an acute obaervet will elude the deception, 
while every other pereon is subject to it. Iiet ve 
Buppose that a particle of dust, or a little bit' of 
wax, capable of giving a. shadow, is adhering to 
the surface of the seal, an ordinary observer will 
take no notice of this, or if he does, lie will pro- 
bably not make it a subject of consideration, and 
will therefore see the head on the seal raiaed into 
a cameo ; but the attentive obaerver noticing the 
little protuberance, and observing that its shadow 
lies to the left of it, will instantly infer that the 
light comes in that direction, and will still see the 
seal hollow. 

I have already mentioned that in some cases even 
the sense of touch does not correct the erroneous 
perception. We of course feel that the part of 
the hollow on which the finger is placed is actually 
hollow ; hut if we look at the other part of the 
hollow it will still appear raised. 

By using two candles yielding diflerent degrees 
of light, and thus giving an uncertainty ti the di- 
rection of the light, we may weaken the illusion in 
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CONTBHSION HFCAUSOB INTO INTAGLIQS. 

any degree we elioose, to as to oTerpower 
tiiuch, or by a process of reaBoning. 

I have had occasion to obeerve a EericB of ana* 
lugous phenomena ariEing from the same cause, 
Imt produced without any instrument for inverting 
the object. If AB, for example, is a plat« of mo- 
ilier-of-pearl, and L R a circular or any olher 
lavity (Fig. 19) ground or turned in it, then if this 
Vlily is illuminated by a candle or a window at S, 



Fig. 19. 
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in place of there being a shadow of the margin L 
uf the hollow nest the liglit, us there would liave 
been bad the body been opaque, a quantity of bright 
refracted light will appear where there would have 
been a shadow, and the rest of the cavity will be 
comparatively obscure, aa if it were in shade. The 
necessary consequence of this it, that the cavi^ 
will appear as an elevation when seen only by the 
naked eye, aa it is only an elevated surface that 
could have its moat luminous side at L. 

Similar illusions take place in certain pieces of 
poli&hed wood, calcedony, and mother-of-pearl, 
where the surface is perfectly a mooth. This ariscR 
from there being at that place a knot or growth, 
or nodule, of different tranaparency from the s 
rounding mass, and the cau 
stood from Fig. 20. I^l m o be the surface c 



rom the suTr^^B 
ill be under^^l 
surface of ^^^^ 
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^BDjr table, A ffi o E a section of ihe tat 
and m n o a section of a, knot mure transparent 
than the leat of the iiiaas. Owinu; to the tranapa- 
reacy of the thin edge at o, opjiosiie to the candle 
S, the ride o is illuminatrd, while the rest of the 
knot is coniparativdy dark, so that on the princi- 
ples ah-eady explained the spot mno appeara to 
be a hollow in the table. From this cause arises 
the appearance of dimples in certain plates of cal- 
cedony, called hitmmered calcedony, owing to its 
having the look of being dimpled with a hammer. 
The surface on which these cavities are seen is a 
■ecliou of small spherical aggregations of siliceous 
matter, which eshibit the same phenomena aa the 
cavities in wood. Mother-of-pearl presents the 
YCTj same phenomena, and it is indeed s< 
in this substance, that it is nearly it 
a mother-of-pearl button or counter which si 
to have its surtace flat, although they are perfectly 
ao when examined by the touch. Owing to the 
diflbrent refraction of the incident light by the dif- 
ferent growths of the shell cut in different direc- 
tions by the artificial surface, like the annual 
growth of wood in a dressed plank, the surface has 
, necessarily an unequal and undulating appearance. 
Among the wonders of science there are per- 



Itape none more surprialng than the effects pro* ■ 
iluced upon coloured objects by illuminating them 
with homogeneous light, or light of uuc colour. 
The light which emanatea Irom the aun, and by 
which all the objects of tjie material world are ex- 
hibited to us, is composed of three difierent coloun, 
red, yelloxo, and blue, by the mislure of which in 
iliD'erent [iToportlous all the various hues of nature 
raay be produced. Tliese three colours, when 
mixed in the proportion in which they occur in 
the Bun's rays, couipose a purely white light ; hut 
if any body on which this white light falU shall 
abeorb, or stop, or detain n itbin its subatEoice any 
part of any one or more of these (ample coloura, 
it will appear to the eye of that cirfour which arises 
from the mixture of all the raya which it does not 
absorb, or gf that colour which white liglit would 
have if deprived of the colours which are absorbed. 
Scarlet cloth, fin example, abeorbE most of the 
blue rays and many of the yellow, and hence sp- 
|)eara Tcd. Yellow cloth alisurbs moat of the blue 
and many of the red rays, and therefore appears 
yellow ; and blue cloth absorbs most of the yellow 
and red raya. If we were to illuminate the scarlet 
cloth with pure and unmixed yellow l^ht, it would 
appear ijollaw, because the scarlet cloth does not 
absorb all the yellow rays, but reflects some of 
them ; and if we illuminate blue cloth with yellow 
light, it will appear nearly black, because it absorbs 
all the yellow light, and reflects almost none of it 
But whatever he the nature and colour of the bodiea 
R which the yellow light falls, ihe light which it 
jfiects must be yellow, fur no other light falls upon 
I, and those wliich are not capable of retlecting 




yellow tiglit must appear nbsolutdy black, liawever 
biiUiant be their colour in the light of day. 

Ab the mctliods now diBCovCTCtl of producing 
yellow light in abundance were not known to the 
•ncieiit conjurora, nor even to thOHC of later times, 
they have never availed themselves of thi$ valuable 
reewirce. It has been long known that salt thrown 
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into the wick of a flame jiroduces yellow light, hut 
thia light is mixed with blue and green rays, and 
IB, besideEi, bo small in quantity, that it illuminates 
objects only that arg in the immediate vicinity of 
the flame. A method which I have found capable 
of producing it in abundance is shown in Fig. 21, 
L where .\ B is a lamp, containing at A a large 
lauantity of alcohol and water, or srdent spirits. 



MOHOOENEODS YELLOW LIGHT. lO^H 

« hich gradiially descen Jg into a pktina or tnetBllie 1 
cuji D, This cup is strongly heated liy a spirit- 
limp L, inclosed in a dark lantern, and when the 
diluted alcohol in 1) is inflamed, it will burn with 
a fierce and powerful yellow flame. If the flume 
should not be perfectly yellow, owing to an excess 
of alcohol, a ])roportion of salt thrown into the cup 
will answer the game purpose as a further dilution 
of the alcohol*. ■ 

A monochromatic lamp for producing yellow ■ 
light may be constmcted most effectually, by em- I 
ploying a portable gas lamp, containing com- 1 
pressed oil gas. If we allow the gas to escape in 
a copious sti'eam, and set it on Are, it will form an 
Ciiplosive mixtine with the atmospheric air, and 
will no longer bnm with a while flame, but will 
emit a bluish and reddish light. The force of the 
issuing gas, or any accidental current of air, is 
capable of blowing out this flame, so that it is 
necessary to have a contrivance fur sustaining it. 
The method which I used fur this purpose is 
shown in Fig, 22. A Boiall gas tube abc, arising 
from the main burner M N of the gas lamp P Q, 
terrainatcH above the burner, and has a short tube 
d e, moveable up and down within it, ao as to be 
gas-tight. Tliis tube d e, closed at e, communi- 
tatea with the hollow ring /<;, in the inside of 
which four apertures are perforated in such a man- 
lier RB to throw their jets of gas to tlie a]iex of a 
cone, of which / 3 is the base. When we cause 
the gas to flow from the burner M, by opening the 
'u cock A, it will rush into the tube abed, and, 
e in small flames at the four holes in tin 
• Se* Eiimbirrijh TfaniaclioHi, vol. ix., p. 435. 
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/§. Tlie size of these flameB is regnlated by ft« 
cock 6. The inflammalioTi, therefore, of the ignited 
gas will be eiiBtained by theee four Buhsidiat7 
flames through which it pasMB, independent of any 
agitation of the air, or of the force with which it 
iesnee from the burner. On a projecting arm e A, 
carrying a ring ft, I fised a broad collar, made of 
coarse cotton wick, which had been previouely 
eoaked in a EBtnratcd solution of common salt. 
When the gaa was allowed to escape at M, with 
Bucb force as to produce a long and broad column 
of an esploBtve misture of gas and atmoBpheric 
air, the bluish flame occasioned by the explosi'in 
paBMB through the salted collar, and is converted 
by it into a maes of homogeneous yellow ligbt. 
This collar will last a lotig time without any fresh 
supply of salt, so that the gas lamp will yield a 
peimauent monochromatic yellow flame, which 



pfll lost BS long as there is ga« in 
In pUce of a coUar of cotton wick, a hollow cy- 
linder of pponge, -with nnmcroHS projecting tufts, 
may be used, or a collar may be similarly con- 
slmctcd vith asbestos cloth, and, if thought ne- 
ctasary, it might be supplied with a paline Bolntion 
from a capillary fountain. 

Having thus obtained the means of illuminatii^ 
any aimrtment with yellow light, let the exhibition 
be made in a room with furaitiiie of variotis bright 
colours, with oil or water-coloured paintings on 
tiie wall. The party which is to witness the ex- 
periment should be drexEed in a diversity of the 
gayest coIohtb ; and the hrighteet- coloured flowers 
and highly -coloured drawings should he placed on 
the tallies. The room being at first lighted with 
ordinary lights, the bright and gay colours of every 
thing that it cnntains will be finely dis^ilayed. If 
the white lights are now suddenly extinguished, 
i the yellow Inmps lighted, the most appalling 
moTphosis will be exhibited. The astonished 
111 no longer be able to recognize each 
All the furniture in the room, and all the 

liecte -which it contains, wilt exhibit cnly one 
ooloiir. The flowers will lose their hues. The 
pinntingB and drawings will appear as if they were 
Giecuted in China ink, and the gayest dresses, the 
brightest scarlets, the jiurest lilacs, the richest 
Uues, and the most vivid greens will alt be con- 
verted into one monotonous yellow. The com- 
^exions of the parties, too, will suffer a coire- 
qxinding chamge. One pallid, death-HUe yclloi 

i:iti- the utinBtural luie 

Which autumn paiaU iipou Ihc p«riilii!il leof, 
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will envdojie the young and the old, and the salloafl 
iaecK will alone escape from tlie wetamorphoeis. 
Each individual derives merriment from the cada- 
rerouB appearance of his neighbour, without being 
eeosihle tliat he ia hinieelf one of the ghostly aa- 
semblage. 

If, in the midst of the astonishment which \» 
thuB created, the white lights are restored at one 
end of the room, while the yellow lights are taken* 
to the other end, one side of the dress of every 
person, namely, that next the white light, will be 
restored to its original colours, while the other 
side will retain its yellow hue. One cheek will 
appear in a slate of health and colour, while the 
otlier retains the paleness of death ; and, as the 
individuals change their position, they will exhibit 
the most extraordinary transformations uf colour. 

If, when all the lights are yellow, beams of white 
l^ht are transmitted through a number of holes, 
like those in a sieve, each luminous spot will 
restore the colour of the dress or furniture upon 
which it falls, and the nankeen family will appear 
"all mottled over with every variety of tint. If a 
magic lantern is employed to throw upon the walla 
or upon the dresses of the company luminoua 
figures of flowers or animals, the dresses will be 
painted with these figures iii the real colour of 
the dress itself Those alone who appeared in 
yellow, and with yellow complexions, will, to a 
great degree, escape all these singular changes. 

If red and blue light could be produced with the 
same facility and in the same abundance as yellow 
light, the illumination of the apartment Tiith these 
lights in succession would add to the variety and 



ilia of'the eshibition. The red tight mighl 
iiapB be procureil in sufficient quantity from theH 
nitrate &n(l other salts of Etroiitian ; but it would 
he diiScult to obtain a blue flame of sufficient in- 
ifnelty for tlie suitable illumination of a large room. 
Brilliant white lights, however, might be uaed, 
iiiiving for screens glass troughs containing a masa -j 
■jie or two inches thick of a solution of the am- I 
iiinniacal cai'bonafe of copper. This solutiim ab- J 
tijiba all the raya of the spectrum but the blue, 
aiid the intensity of the blue light thus produced 
would increase in the same ])roportion as the while 
light employed. 

Among the numerous experiments with which 
science astonishes and sometimes even strikes ter- 
ror into the ignorant, there is none more calculated 
lo produce this effect than that of displaying to (he 
eye ill absolute darkness the legend or inseriplioii 
upon a coin. To Jo this, take a silver coin, (I 
have alwaya used an old one,) and after polishing 
the surfuL'e as much as possible, make the parts of 
it which are raised rough by the action of an acid, 
the parts not raised, or those which are to be ren- 
der«l darkest, retaining their polish. Tf the coin 
thuB piepared is placed upon a mass of red hot iron, 
and removed into a dark room, the inscription upon J 
it will become less luminous than the rest, so that I 
it may be distinctly read hy the spectator. Thel 
mass of red hot iron should be concealed from the I 
observer's eye, boih for the purpose of rendering 
ihe eye litter for observing the effect, and of re- 
moving aU doubt that the inscription is really read 
'^ the dark, that is, without receiving any light, 
ir reflected, from any other body. If, in place 
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of poljsbing the ilcjjressfid parts, and rougheniiq^ 
msed parte, ve make the raised parts polished, ai 
roughen the depressed parte, the inscription will dow 
be icBs luminouB than ihc depressed parts, and we 
shall still be able to read it, from it« being as it 
were written in black letters on a white ground. 
The first time I made this ex perimeut, without being 
aware of what wonld be the result, I nsed a French 
BhilHng of Louis XV., and I was not a little sur- 
prised to observe upon its surface, in black letters, 
the inscription Benedictum sit komkh Dex. 

The most surprising form of this experiment is 
when we use a coin from which the inscription has 
been either wholly obliterated, or obliterated in 
such a degree as to be illegible. When such a 
coin is laid upon the red hot iron, the letters and 
figures become oxidated, and the filin of oxide ra- 
diating more powerfully than the rest of the coin, 
the illegible iiiscriptiou may be now distincQv 
read to the great surprise of the observer, who had 
examined the blank surface of the coin previous to 
its being placed upon the hot iron. The di&rcnt 
appearances of the same coin, according as the 
raised parts are polished or roughened, are shown 
in Fig, 23 and 24. 

In order to explain the cause of these remark- 
able effects, we must notice a method which baa 
been long known, though never explained, of decy- 
phering the inscriptions on worn-out coins. This is 
done by merely placing the coin upon a hot iron; 
an oxidation takes place over the whole surface of 
the coin, the film of oxide changing its tint with. 
the intensity or contiimancc of the heat. The 
parts, however, where the letters of the iuscription 



d existed, oiidate at a djflereiit rate from the sur- ' 
nMiudiiig partB, so that tliese lettera exhibit their 
ehftpe, and become legible in iionBEquence of the 
film of oxide which covers them having a different 
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thickness, und therefnre reflectiug a different tint 
from that of the adjacent parts. The tints tliuB 
developed soraetimeB paas through many orders iif 
brilliant colours, particularly pink and green, and 
"'' in a bronKe, and sometimee a black tint, . 
ig upon the Inscription alone. In some caseg J 
nt left on the trace of the letters is so very I 
that it can just be seen, and may be eiitirely 1 
'■^fenoved by a alight rub of the finger. ' 

When the experiment is often repeated with the 
■amc coin, and the oxidatiooB succeHsively removed 
aAcr each experiment, the film of oxide conti- 
Quea to diminish, and at last ceases to make its 
appearance. It recovers the property, however, 
in the course of time. When the coin is put upon 
ibe hot iron, and conseiiuently when the oxidation 
is the greatest, a eonsideriible smoke arises from 
the coin, and this diminishea like the film of oxide 
hy ftequent repetition. A coin which had ceased 
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to emit tliis Biuoke, Bmf>kcd sliglitly after haVt __ 
been exposed twelve hours to the air. I ham 
fbuud, irnni iiuincrous trials, Ibat it is always the 
T&ised parte of the coin, and in modern coins the 
elevated ledge roimil tiie inecription, thai become 
tirst oxidated. In an English sliilliiig fjf 1816, 
this ledge exhibited n brilliant yellow tint before it 
appeared uu any other part of the coin. 

If we use an ituiform and homogenenus disc of 
eilver that has never been hammered or coRi- 
preBsed, its surface wilt oxidate er[utiliy, provided 
all its parts arc equally heated. In the proceia of 
converting this disc into a coin, the sunh parts have 
obvioHsly been most compressed by the prominent 
parts of the die, and the elevated parts trast com- 
pressed, tlic metal being in the latter left ae it 
were in its natural Btate. The raised letters and 
figures ou a coin have therefore less density than 
the other parts, and these parts oxidate soon^ or 
at a lower tem)jerature. When the letters of the 
legend ate worn off by friction, the parts imme- 
diately below them have also less density than the 
surrounding metal, and the site as it were of the 
letters therefore receives from heat a degree of oxi- 
dation, and a colour different from that of the suiv 
rounding surface. Hence we obtain an explanation 
of the revival of the invisible letters by o.\idation, 

The same influence of difference of density may 
be observed in the beautiM oxidations wliich are 
produced on the surface of higTily-polislied steel, 
heated in contact with air, at temperatures between 
430° and 630° of Fahrenheit*. When the steel 
has hard jiortions called piiis by the workmen, the 

" See Eiliaburgk Encjriciji. Ait Stekl, vol. iviii. p. 38?. 



uniform tint uf the Rim of oxide stops near thesB' >' 
hard portions, which always exhibit colours dif- 
ferent from those of the rest of the mass. These 
liatts.on account of their iiicreased density, absorb 
the oxyi^en of atmospheric air less copiously thun 
the Burroundiiig portions. Hence we see the cause 
why steel es[>andeU by heat absorbs osygen, whiu'h, 
wbeu uiiiteil with the metal, forms the coloured 
superliciiil fllm. As the heat increaHcs, a ^eater 
quantity of osvgen is absorhL-d, and the film i 
creases in thickness. 

These observationB enable us lo explai 
l^ibility of inscriptions in the dark, whether tha9 
coin is in a perfect state, or the letters of it wora 
off. All black or fowy/t surfaces ladiate light 
more copiously than polished or smooth surfaces,^ 
and hence the inscription is luminovs when it is 
nrugh, and obscure when it is polished, and the 
letters covered with black oxide arc more luminous 
than the adjacent parts, on account of tlie superior 
radiation of light by the black oxide which ci 

By tlie moans now described, invisible writinjp 
might be conveyed by impressing it upon a me-' 
rallic surface, and after wards erasing it by grinding 
»nd polishing that surface perfectly smooth. When 
i:xpase<l to a proper degree of heat, the secret 
would display itself written in oxidated lettera.^i 
Many amusing expenments might be made u 
the same principle. 

A series of curious and sometimes alarming de^ 
Iplions, arises from the representation of objec 
~ perspective upon a plane surface. Oae of tl 
Interesting of these depends on the prinof 



ater ^h 
the^l 

,^ 

': is 
the 

DUB 

riot .^^ 



r 



I 



plcB which regulate tlie apparent direction of the 
eycB in a portrait. Dr. WoUaBton has thought 
this subject of siifHcient importance to be treated 
at BOme length in the Philosophical Transactions. 
Wlien wc look at any person we direct to them 
both our face and our eyee, and in this position 
the circular iris will he in the middle of ihe white 
of the eye-ba)l, or, what is the same thing, there 
will be the same quantity of white on each side of 
the iris. If the eyes are now moved to either 
side, while the hend remains fixed, we shall readily 
judge of the change of iheir direction by the 
greater or less quantity of white on each side of 
the iris. This test, however, accurate as it is, en- 
ables 1IS only to estimate the extent to which the 
eyes deviate in direction from the direction of the 
bee to whi(]h they belong. But their direction In 
reference to the person who views them ie entirely 
a different matter ; and Dr. Wollaston is of opi- 
nion, that we are not guided by the eyes alone, 
but are unconsciously aided by the concurrent 
position of the entire face. 

If a skilful painter draws a pair of eyes with 
great correctness directed to the spectator, and 
^viBting from the general position of the face as 
much as is usual in good portraits, it is very diffi- 
cidt to determine their direction, anil they will ap- 
pear to have different directions to di^rent per- 
sons. But what is very curious. Dr. Wollaston 
has sho^Ti that the same pair of eyes may be made 
to direct themselves either to or from the spectator 
by the addition of other features in which the 
position of the face is changed. Thns, in Fig. 25, 
the pair of eyes are looking intently at the spec- 
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or, and the face has a correHpondiug direction j J 
but when we cover up the face in Fig. 25 with tfael 
fiiee in Fig, 26, which looks to the right, the ey«&l 
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— ^..-.i^c 111 (Tireciion, £ 
t to charge of perspective than any of the I 
features; but Dr. Wollaston hag shown by I 
■ iK>; accurate experiment, that even a small par- 1 
tioii of the nose introduced with the features wiH f 
carry the eyes along with it. He obtained fbnr.l 
exact copies of the sftme pair of eyes looking at 
the spectator, by transferring them upon copper 
from a steel plate, and having added to each of 
two pair of them a nose it " """*■ - 
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right, and in the other to tltc left, and to caobV^I 
the other two pair ft very sinaU portion of tb* 
upper part of the noae, all Ihe four pair of 
eyes lost llieir front direction, and looked to the 
right or to the left, according to the direction of 
the nose, or of the portion of it which waa added. 

But (he eflett thuB produced ia not limited, as 
Dr. Wollaston remarks, to the mere change in tite 
direction of the eye«, " for a total difference of 
character may be given to the same eyes by a due 
representation of the other features. A lost look 
of devout ahatraction in an uplifted countenance 
may he exchanged for an appearance of inquiai- 
tive archness in the leer of a younger face turned 
downwards and obliquely towards the opposite 
aide," as in Fig. 21, 28. ' This, however, is per- 
haps not an exact expression of the fact. The 
new character which ia said to he given to the 
e^es is given only to the eyes in comhinalion with 
the new features, or, what is probably more cor- ■ 
rect, the inquisitive archness is in the other fea- 
tures, and the eye does not belie it. 

Dr. Wollaston has not noticed the converse of 
these illusions, in which a change of direction is 
given to fi.\ed features by a change in the direc- 
tion of the eyes. This effect is findy aeea in some 
magic lanteni sliders, where a pair of eyes ia made 
to move in the bead" of a figure which invariably 
follows the motion of the eyeballs. 

Having thus determined the influence which 
the general perspective of the face has npon the 
apparent direction of the eyes in a portrait. Dr. 
Woliaaton applies it to the explanation of the well- 
Itnawn fact, that when the eyes of a portrait look 



The purts wliich they have respective^ 
bA in the family hisCnrj rise to his mitia 
R Bctioii!!, whether good or evil, arecalled'4 
in contrast, and as the preeervet or the deatn 
of his line, he stands, as it were, 
before them. His imagination, thus excited ) 
conflicting feelings, transfers a sort of vitality % 
the ounvas, and if the personages do not " b' 
livni iheir frames," they will at least bend u 
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right, and in the other to the left, and to each of 
the other two pair a very small portion of the 
upper part of the nose, all the four pair of 
eyes lost their front direction, and looked to the 
right or to the left, according to the direction vf 
the nose, or of the portion of it which w<^ 

But the effect thus produc*^ '" 
Dr. WoUaston rei 
directioi 




1 of the eyes. This effect is finely seen in some 

igic lantern sliders, where a pair of eyes is made 

move in the head* of a figure which invariably 

^ows the motion of the eyeballs. 

Having thus determined the influence which 

lihe general perspective of the face has upon the 

^apparent direction of the eyes in a portrait, Dr. 

WoUaston applies it to the explanation of the well* 

Imown fact, that when the eyes of a portrait lode 
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n spectator in front of it they ^vil) fullow him, 

& appear to look at liim in every other direction. 

us fact, which liaa received Icsa con- 

[hsn it merits, has bee.n often ekilfuily 

bploycd by the novelist, in alarming the fears or 

'ing the courage of hia hero. On returning 

e hall of his ancestors, hia attention is power- 

jr fixed on the grim portraits which Burround 

The purls which they have respectively per- 

'n the family history rise to his mind : his 

SUB, whether good or evil, ure called up 

;Bt, and as the preserver or the destroyer 

> line, he stands, as it were, in judgment 

I them. His imagination, thus escited by 

icting feelings, transfers a sort of vitality ttt 

s, and if the personages do not " start 

r frames," they will at least bend upon 
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liim their frowns or their ajip rotation. It Is MH 
vain that he tries to evade their Bcnitiny. Where- 
ever he goes tlieir eyet eagerly pursue him; they 
will seem even to lonk at him over tlieir ehuulders, 
and he will hnd it impOEsible to shun their gaze 
but by qnitting the apartment. 

As the epecutor in this case changes lii» position 
in a horizontal plane, the efFeec which we have de- 
scribed is accompanied by an nppHrent diminution 
in the breadth of the human face, from only aeven 
or eight inches till it disappears at a great ob- 
liquity. Tn moving, tbeiefore, from a front view 
- to the most oblique view of the face, the change in 
itg apparent breadth ia so slow that the apparent 
motion of the he^ad of the figure is scarcely recog- 
nized aa it follows the spectator. But if the per- 
spective figure has a great breadth in a horizontal 
jllane, such as a soldier firing his musket, an artil- 
Uryman his piece of ordnance, a bowmnn drawing 
bis bow, or a lancer pushing his spear, the appa- 
rent breadth of the figure will vary from five to 
six feet or upwards till it disappear?, and therefore 
the change of apparent magnitude is sufficiently 
rapid to give the figure the dreaded appearance of 
turning round, and following the spectator. One 
of the best examples of this must have been ot^ 
observed in the fore-ahortened figure of a dead body 
hring horizontally, which has the appearance i^ 
fiJlowing the observer with great rapidity, and 
taming round upon the head as the centre of 
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The cause of this phenomenon ia easily explained. 
Let us suppose a portrait with its face and its eyes 
iircctEd straight in front, bo as to look at the epee- 



intor. J^t H atraiglit line be drarni through the, 
tip of tlie noee and half way between the eyea, 
which we shall call the middle line. On each side 
of this middle Hue there will he the same breadth 
of head, of cheek, of chin, and of neck, and each 
iris will be in the middle of the white of the eye. 
If we now go to one side, the apparent horizontal 
breadth of every part of the head and fece will be 
diminished, hut the parts on each aide of the mid- 
dle line will be diminished equally, and at any 
posidon, however oblique, there will be the same 
breadth of face on each side of the middle line, 
and the iris will be in the centre of the white a£ 
the eyeball, so that the portrait preserves all tlui 
characters of a figure looking at the spectator, anA , 
must necessarily do so wherever be stands. 

This explanation might be illuBtrated by a pic- 
ture which represents three artillerymen, each firing 
a piece of ordnance in parallel directiona. Let the 
gun of the middle one be pointed accurately to the 
eye of the spectator, so that he sees neither it» 
right side nor i(B left, nor its upper nnr its under 
side, but directly down its muzzle, so that if theip 
was an opening in tlie breech he would see througi 
li. In like manner the spectator will see the left 
-iilc of the gun on his left hand, and the right side 
-( the gun on hie right hand. If the spectator now 
changes his place, and takes ever such an oblique 
position, either laterally or vertically, he must atill 
see the same thing, because nothing else is pre- 
sented to his view. The gun of the middle soldier 
must always point to his eye, and the other guns 
to the right and left of him. They must therefore 
ail three seem to move as he moves, and follow'"" 
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eye in all its changes of place. The same obMiB 
vations are of course applicable to buiUinga End 
streets seen in perapective. 

In common porttails the apparent motion of the 
head is generally rendered indistinct by the canvas 
being imperfectly stretched, as the slightest conca- 
Tity or coTivesity entirely deforms the face when 
the obliquity is considerable. The deception is 
therefore best seen when the painting is executed 
on a very flat board, and 'in colours sufficiently 
viyid to represent every line in the face with tole- 
rable dislinclnesB at great obliquities. This dis- 
tinctness of outline is inJeed necessary to a satis- 
fiictory exhibition of this optical illusion. The 
most perfect exhibition, indeed, that I ever saw 
of it was in the case of a painting of a ship ujMn 
a sign-board executed in strongly gilt Unes. It 
contained a view of the stem and side of a ship 
in the stocks, and, owing to the flatness of the 
board and the brightness of the lines, the gradual 
developemeiit of the Rgiire from the most violent 
foreshortening at great obliquities till it attained 
its perfect form, was an effect which surprised 
every person thai saw it. 

The only other optical illusion which our limits 
will permit ua to explain, is the very remarkable 
experiment of what may be truly called breathing 
light or darkness. Let S be a candle whose light 
falls at an angle of 56° 45' upon two glass plates 
A, B, placed close to each other, and let the re- 
fiected rays A C, B D, fall at the same angle upon 
two similar plates, C, D, but so placed that the plane 
of reflesion from the latter is at right angles to the 
plane of reflexion from the former. An eye placed 
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ll^E, and looking at the t 
plates C anil I), will see very faint images of I 
caudle S, whicli, by a Blight adjus 




, may be made to disappear alnioEt whoU] 
aUowing the plate C to remain as it is, change 11 
poaitiun of U, till its inclLnaVioti to the ray BD 
diiDinJEhetl about 3^^°, or nwde neaily 53° M 
When this is done, tlie image that had dieappeared 
ou looking into D will be reetorcd, ea that the 
spectator at E, upon looking into the two mirrorB 
C, D, will see no light in C, because the candle 
lias nearly disappeared, while the candle is die- 
linclly seen in D. If, while the spectator is look- 
ing into these two mirrors, eitiiur he or another 
person breathea upon them gently and quickly, the 
breath will revive the extinguished image " " 
ftod will extinguish the visible image in D. 
following is the cauEe of this singular result. 
light AC, BD, is polarized by leflexion from th« 
plates A, B, becawseitis incident at the polarizing 
angle of 56° 4^' for glass. When we breathe 
upon the plates C, D, we form upon their surface 
" thin film of water, whose p;ilarizing anglt "- 
" 11', 60 that if the polarized rajs AC, BU, 
n the plates C, D, at an angle of 53° 1 1', 
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candle from which they proceeded would not he 
visihle, or they would not suffer reflexion from the 
plates C, D. At all other angles the light would 
he reflected and the candles visible. Now the plate 
D is placed at an angle of 53° 11' and C at an 
angle of 56° 45', so that when a film of water is 
breathed upon them the light will be reflected from 
the latter, and none from the former ; that is, the 
act of breathing upon the plates will restore, t&e 
invisible, and extinguish the visible image. 




ef Meuin«—Objecli below /he hariion railed o 
fied iy rrJraclioH — Singular ria^ple stcn al I 
Dovrr CaUlt leen Ihrough lis hilt on uAicA il 
Erecl and iaverledimaga of diilaal ehipa leen m 
Similar pAenomena sefn in Ike ^atic rpgti 
okxf/ — Mr- ScorsiLg recbgnixea Ait Jhtker't ship hy ife 
" f/e—Imaget of eowi irat in lAe air^hverlti 
iai-Ki jccH in South Amtnca—' Laleral iauffet 
ToJueed Ay rt/rmtian — Aerial tpeelret bg reflexion — 
iaplanalian of the preceding phsnonieila. 

a the wonders of tlie natural -worlil wlijch 

it every day presented to ub, -without either ex- 

r surprise or attracLiug out uotice, some 

ioually displayed wliich posaess all the 

laractcra uf superuutural phenomena. In the 

unes by which Lliey are fauiiLarly known, we 

xecoguize the terror which they inspired, and even 

BOW, wheu science hag reduced them to the level of 

natural phenomena, and developed the causes from 

which tliey arise, they still retain their priraitive 

importance, and arc watched by the phdoBopher 

with as intense an interest as when they wei^ 

deemed the immediate effects of Divine powcc 

Among these phenomena we may enumeTBte & 
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Spectre of the Bracken, the Fatn Morgana of the 
Straits of MeEEinii, tlie Speiire Ships which ap- 
pear in the air, and the other estraordiiiai-y efiects 
of the Mirage *. 

The Brocken is the name of the loftiest of the 
Hartz Mountains, a pictureEqiie range which lies 
in the kingdom of Hanover, It ie elevated 3300 
fitet above tiie sen, and commands the view of a 
plain Beventy leagues in extent, occupyisg nearly 
the two-hundredth part of the whole of Europe, 
and animated with a population of ahovc five mil- 
lions of inhabitants. From the eaiiiesC periods of 
authentic history, the Brocken haa heeuthe seat of 
the marvellous. On its summits are btiU seen hi^e 
blocks of granite called the Sorcerer's Chair and 
the Altar. A spring of pure water is known by 
the name of the Magic Fountain, and the Anemone 
of the Brocken ia distinguished by the title of the 
Sorcerer's Flower. These names are supposed to 
have originated in the rites of the great Idol Ciir- 
tho, whom the Sasoiis worsliiiiped in secret on the 
summit of the Brocken, when Christianity was 
extending licr benignant sway over the suhjocent 
plains. 

As the locality of these idolatrous rites, the 
Brocken must have been much frequented, and we 
can scarcely doubt that the spectre which now so 
often haunts it at sunrise must have been observed 

• In the Sanscrit, lays Boron HumboW, the jihenome- 
noa of the Mirage iacalleilA/riffuriiVABo," thirst or Jenre 
or the antElngie," no ilniibt because (his animal Mn'ga, cum- 
pFllvd liy Ihirst, TncAna. a[ip[oachra Ihosu Uirrea (ilaiiui 
whwp, from the effect af unequal lermctiun, he thinks IM 
llw uiidulutiu^ Kiitracu of lliu «ixten.—Feri9i 
r, Vol. iii., p. 554. 
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B earliest times ; but it is nowhere men- 
tioned that this phenomenon was in any waj 
oasociatci:) with the objects of their idolalrouwi 
worship. One of the best accounta of the spectre" 
<i( the Brocken ia that which is given by M. 
Ilaue, who saw it on the 23d of May, 1791. 
After having been on the Hiimniit of tlie mountain 
no lesE than thirty times, he had at last the good 
fortune of witnessing tlie object of his curiosity. 
The eun rose about four o'clock in the morning! 
ihrongb a serene atmosphere. lu the south-west,' 
towards Achtermannshohe, a brisk west wind 
carried before it the transparent vapours, which 
had not yet been condensed into thick heavy 
clouds. About a quarter past four he went to- 
wards the inn, and looked round to see whether 
the atmosphere would afford him a IVee prospect 
towards the south-west, when he observed at a, 
very great distance, towards Achtermannshohe, a 
fanman figure of a monstrous size. His hat 
banng been almost carried away by a violent 
gut of wind, he suddenly raised his hand to his 
iead, to protect bis hat, and the colossal figure 
did the same. He immediately made another 
movement by bending his body, — an action which 
was repeated by the spectral figure. M. Haue 
was desirous of making further experiments, but 
the figure disapiwared. He remained, however, 
in the aame position, expecting its return, and in 
a few minutes it again made its appearance on 
the Achtermannshohe, when it mimicked his ges- 
tures as before. He then called the landlord of 
the inn, and having both taken the tame position 
which he had before, they looked towards the 
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AchtermaiHiBhohe, but saw nothing. In a very 
short space of time, however, two coiossal Ggures 
T»«e formed over ihe above eminence, and after 
bending their bodies and imitating the geatures of 
the two spectators, they disappeared. Retaining 
their position, and keeping their eyes atill fixed 
upon the aame spot, the two gigantic Hpectres 
a^n stood before them, and were Joined by a 
third. Every movement that they made was imi- 
tated by the three figures, but the effect varied in 
its intensity, being Bomctimes weak and fuint, and 
at other times strong and well defined. 




In the year I79S, M. Jordan sa 
nomenon at sunrise, and under 
stances, but with less digtinctneas, 
duplication of the figures*. 

Phenomena perfectly analogous to the pre- 
ceding, though seen under less imposhig circum- 
stances, have been often witnessed. Whi 
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See J. J. eraelin'i OoltitgiKAen JoHmal dfr miMH- 
'"«, roJ.i, port iii. 1798. 
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' sees bis own shadow opposite 
CUD upon a ma-is of thia fleecy vapour passing 
near him, it not only imitates all his movements, 
hnt its head is distinctly encircled with a halo of 
liaht. The atrial flgure is often not larger than 
li^, its size and its apparent diatance depending, 
as we shall afterwards see, upon particukr canees, 
I have often seen a similar shadow when hathio* 
in u bright eummer'E day in art extensive pool (rf 
deep water. When the fine mud dejioRited at the 
bottom of the pool is diatxirbed by the feet of the 
bather, ao as to be disseminated through the mass 
of water in the direction of his shadow, hia sha- 
dow is no longer a shapeless mass formed upon 
the bottom, btit is a regular Rgure formed upon 
the fiokting particles of mud, and having the head 
surrounded with a halo, not only luminous, but 
consisting of distinct radiations. 
One of the most interesting accotrats of 
petrea with which we are acquainted bus been 
I by Mr. James Clarke, in his Survey of 
i of Cumberland, and the accuracy of 
itit was confirmed by the atteatationa of 
Ibe persons by whom the phenomena were firrf' 
On a summer's evening, in the year 1743, 
1 Daniel Stricket, aen-ant to John Wren, of 
a Hall, was sitting at the door along with 
■ master, they aaw the figure of a man with a 
Aog pursuing some horses along So uler fell- side, a 
pWice so cstremely steep, that a horse could 
•carcely travel upon it at all. The figurea ap- 
peared to run at an amazing pace, till tliey got oat 
fit Bight at the lower end of the fell. On the frj. 
lowii^ raomifig, Stricket Cud hia master ascended. 
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the steei) side of the mountain, in the full expecta- 
tion of tinding the niaii dead, and of picking up 
some of the shoes of the horseB, which they thought 
muBt have been cast while galloping at auch a 
furious rate. Their expectations, however, were 
disappointed. No traces, either of man or horse, 
could be found, and they could not even discover 
upon the turf the single mark of a. horse's hoof. 
These strange appearances, »een at the eame time 
by two different persona in perfect health, could 
not fail to make a deep impression on their minds. 
The; at first concealed what they had Been, but 
they at length dificloeed it, and were laughed at 
for their credulity. 

In the following year, oi 
Daniel Stricket, who was 
Lancaster, of BlakehillB, 

Hall, and both of which places are only about half 
a mile from Souterfell,) was walking, about seven 
o'clock in the evening, a little above the house, 
when he saw a troop of horsemen riding on 
SouterfeU-eide, in pretty close ranks, and at a 
brisk pace. Eecollecting the ridicule that had 
been cast upon him the preceding year, he con- 
tinued to observe the figures for some time in 
■ileace ; hut being at last convinced that there 
could be no deception in the matter, he went to 
the house, and informed his master thai he had 
something curious to show him. They accord- 
ingly went out together ; but before Stricket had 
pointed out the place, Mr. Lancaster's son had 
discovered the aerial figures. The family was 
then summoned to the spot, and the phenomena 
were seen alike by them all, The equestrian 
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EigurcB Becmed to come from the lowest 
Suutcriell, and became visible at a place called 
Knott. They then advanced in regular troops 
along the aide of the Fell, till they came opposite 
to Blakehills, when they went over the mountain, 
after descrihing a kind of curvilineal path. The 
]mce at which the figures moved was a. regular 
fiwift walk, and they continued to he seen for 
upwards of two hours, the approach of darkness 
alone preventing them from being visible. Many 
troops were seen in auccession ; and frequently 
the last but one in a troop quitted his jmsilion, 
palloped to the front, and took up the same pace 
with the rest. The changes in the figures were 
seen equally by all the spectators, and the view of 
litem was not confined to the farm of Blakehills- 
only, but they were seen by every person at every 
cottage within the distance of a mile, the nmiiher 
of persons who saw them amounting to about 
twenly-sLi. The attestation of these facts, signed 
by Lancaster and Stricket, bears the dale of the 
2l8t July, 1785. 

These extraordinary sights were received not 
only with distruBt, but with ahBoliile incredulity. 
They were not even honnured with a place in the: 
records of natural phenomena, and the iihiloso- 
phers of the day were neither in ]ioEseBBion of 
analogous facts, nor were they acquainted with 
those princijilea of BtmosphericiU refraction upon 
which they depend. The strange plienoniena, 
indeed, of the Fata Morgana, or the Castles of 
"^■^ Fairy Morgana, had been long before ob- 
"«d, and had been described by Kircber in the 
li century, but they presented nothing so m^«r 
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t«riouB ss tlie aerial troopers of Souterfell ; andtfftf* 
general characters uf the two phenomena were so 
unlike, that even a philosopher tnight have been 
excused for aBCribing them to difiereut cuuBea. 

This singular cxhihition hne been frequenUy 
Been in the Straits of Messina, between Sicily whI 
the coast of Italy, and whenever it takea plsoe, 
the people, in a state of exultation, as if it were 
not only a pleading but a lucky phenomenon, 
Iiuiry down to the eea, exclaiming Morgana, 
Morgama ! When the rays of liie rising stin form 
an angle of 45° on the sea of R^gio, and when 
the surface of the water is perfectly unrufBed, 
either by the wind or the current, a spectator 
placed upon an eminence in the citj', and having 
hia back to the sun and his face to the sea, 
observes upon the surface of the water superti 
palaces, with their balconies and windows, lofty 
towers, herds and flocks grazing in wooded val- 
leys and fertile plains, armies of men on horse- 
back and on foot, with multiplied fragments of 
buildings, such as columns, pilasterB, and arches. 
These objects pass rapidly in succession along the 
enrface of the sea during the brief period of their 
appearance. The various objects thus enumerated 
are pictures of palaces and buildings actually ei- 
isting on shore, and the living objects are of couTse 
only seen when they happen to form a part of the 
general landscape. 

If at the time that these phenomena are visible, 
the atmosphere is charged with vapour or dense 
exhalations, the same objects which nre depicted 
irpou the sea will be seen also in the air, occnpy- 
iag a Ejiace which eixULO^ fiom the Burfa.ce to the 
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fglit of twenty-fise feet. Theee images, howeva: 
we less distinctly delineated than the former. 

If the air is in such a. state as to depusit dei^l 
and is capalile of forming the rainbow, the object 
nil! be seen only on the surface of the 6f 
lUey all appear fringed with red, yellow, and blue 
light, as if they were seen through a prism. 

In our own country, and in our own times, facts 
Btil! more extraordinary have been witnessed. From 
Hastings, on the coast of Susseic, the cliffs oa the 
French coast are fifty miles distant, and they are 
ICtually hid by ihe conveicity of the earth ; that is, 
straight line drawn from Hastings to the Frencli 
fast would pass through the sea. On Wednesday, 
B 26th of July, 1798, about five o'clock in the 
, Mr. Lalhom, a Feliow of the Royal 
Mty, then residing at Hastings, was surpriaed 
1 crowd of people running to the sea-side. 
I inquiry into the cause of this, he learned 
^t the coast of France could be seen by the naked 
!, aad he immediately went down to witness so 
gular a sight. He distinctly saw the cUffs ei- 
Mtng for some leagues along the French coast, 
i ihey appeared as if they were only a few miles 
ofl. They gradually appeared more and more ele- 
rated, and seemed to approach nearer to the eye. 
The sailors with ivhom Mr. Latham walked along 
the water's edge were at first unwilling to believe 
in the reality of the appearance ; but they soon 
became so thoroughly convinced of it, that they 
pointed out and named to him the different places 
which they had been accustomed to visit, and 
which they conceived to be as near as if they were 
auling at a small distance into the harbour. These 
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appearances conLiniied for nearly an hour, tic 
cliffa ^Dinetinies appearing brighter and nearer, 
and at other times fainter and mare remote. Mr. 
Latham then went upon the eastern cliff or hill, 
which is of considerable height, when, as he re- 
roarlca, a most beautiful scene presented itself to 
hia view. He beheld at once Dungenesa, Dover 
clifis, and the French coast all along from Calais, 
Boulogne, &c. to St. Vallery, and, as some of the 
fishermen afBrmeti, as far west as Dieppe. With 
the help of a telescope, the French fishing-hoats 
were plainly seen at anchor, and the difierent co- 
lours of the laud upon the heights, together with 
the buildings, were perfectly discernible. Mr. La- 
tham likewise states that the cape of land called 
Dungeness, which extends nearly two miles into 
the sea, and is about sixteen miles in a straight line 
from Hastings, appeared as if quite close to it, and 
the vessels and fishing-hoats which were sailing 
tetweeu the two places appeared equally near, and 
were magnified to a high degree. These curious 
phenomena continued " in the highest sjdendour" 
till past eight o'clock, although a black cloud had 
for some time totally obscured the face of the sun. 
A pheuomenoD no less marvellous was seen by 
Professor Vince, of Cambridge, and another gen- 
tleman, on the 6th of August, 1806, at Ramsgate, 
The summits v w xy of the four turrets of Dover 
Castle are usually seen over the hill A B, upon 
which it stands, lying between Ramsgate and 
Dover J but on the day above-mentioned, at seven 
o'clock in the evening, when the air was very still 
id a little hazy, not only were the tops v w x y 
' the four towers of Dover Castle seen over the 
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adjacent hill A B, bvt thi- wlwle nf llie Castle, 1 
mnrs, appeared as if it were sitrialeil on the side 
of Ihe liitl next Ramsgate, and rising above the 
hiti as much as iiBual. Tliis pheuonienon was so 
very sini;ular and unespecled, that ut first sight 
Dr. Vince thought it an illusion; but u|ion conti- 
Duing luB observations, he became saCJBfied that 
it was a real image of the Castle. Upan this he 
i=I?. .11. 




! a telescope to a person present, who, upon 

ive examination, saw also a very clear image 

e Castle as the Doctor had described it. He 

ptinued to observe it for about twenty minutes, 

I which time the appearance remained pre- 

j same j but rain coming on, they were 

I from making any further observations. 

hween the observers and the land from which 

ics there was about sis miles of sea, 

I from thence to the top of the hill there was 

■ ■ same distance. Their own height , 

smrface of tlie water was about s 
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ThiB illuaion derived great force from tbe i 
markable circumEtance, tliat the liill itself di^ not 
Bjipcar through the image, as it might have been 
expected to do. The image of the caetle was very 
strong and well deHoed, and though the rays from 
■ tlie hill behind it must uudoubtedly have come tc 
I the eye, yet the strength of the image of the castle 
' BO &r o^cured the background, that it made no 
sensible impression on the observers. Their atten- 
tion was of course principally directed to the image 
of the qaatle; but if the hill behind had been at 
all visible. Dr. Vincc conceives that it could not 
have escaped tbeir observation, as tiM^ continued 
to look at it for a coaeidenible time vith a good 
telescope. 

Hitherto our aerial visions have been seen only 
in tlieir erect and natural positions, either pro- 
jected against the ground or elevated in tLe air; 
hut eases have occurred in which bodi erect and 
inverted images of ol^ecls have been seen in the 
air, sometimes singly, sometimes combined, some- 
Flg. 82. 
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times when the Teal object was inTieible, and Boin&^ 
timeE when a part of it liad begua to show itsfSt 
lo the spectator. 

lu the year 1793, Mr. Haddart, when residing 
at Allouby, in Cumberland, i>erceived the invei-ted 
im^e of a ship beneath the image, as shown in 
Fig. 32 ; but Dr. Vince, who afterwards observed 
this phenomenon under a greater variety of forma, 
found that the ship, which was here considered the 
real one, was only an erect image of the real ship, 
which waa at the time beneath tlie horizon, and 
vltolty inviEible. 
Fig. 33 
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In August, 1798, Dr. Vince observed a great 
variety of theee aErial images of vessels approach- 
ing the horizon. Sometimes there was aecQ only 
one inverted image above the real ship, and this wfts 
generally the case when the real ship nas full id 
view. But when the real ship waa just beginning 
tir show its top-mast above the horizon, as at A, 
Fig. 33, two afrial images of it were seen, one at 
3, inverted, and the other in its natural position 
at C, In this case the sea was distinctly visibk 
ItetweeD the erect and inverted images, taut in other 
caeea the hull of the one image was immediately 
in contact with the hull of the other. 

Analogous phenomena were seen by Captain 
Scoreshy when navigating with the shipBaffin tae 
icy sea in the immediate neighbourhood of West 
Greenland. On the 28th of June, 1820, he ob- 
served about eighteen sail of ships at the distance 
of ten or fifteen miles. The sun had shone during 
the day without the interposition of a cloud, and 
its rays were peculiarly powerful. The intensity of 
its light occasioned apainftil sensation in the eyes, 
while its heat softened the tar in the rigging of the 
ship, and melted the suow on the surrounding ice 
with such rapidity, tiiat pools of fresh water were 
formed on almost every place, and thousands of 
rilis carried the e.vcess into the sea. Tliere waa 
scarcely a breath of wind : the sea was as smooth 
as a mirror. The surrounding ice was crowded 
together, and exhibited every variety, from the 
smallest lumps to the most magnificent sheets. 
Bears traversed the fields aud floes in unusual num- 
bers, and many whales sported in tlie recesses and 
"penings among the drift ice. About sis in the 



evening, a light breeze at N. W. having B]»ningj 
Q|i, a thin stratus or " fmj bank," at firiit conai-'^ 
litrably illuminated by the. sun, appeared in ihe 
same quarter, and gradually rose to the altitude of 1 
about a quarter uf a degree. At this time most 1 
of the ehipa navigating at the distance of ten or j 
fifteen miles began to chnnge their form and mag- 
nitude, and when examined by a telescope from the ' 
iiiaBt-head exhibited some extraordinary apjiear- 
nncea, which differed at almoat every point of the 
conipass. One ship had a perfect image, as dark 
and distinct as the original, united to its must- 
head in a reverse poaiiion. Two others presented' J 
Iwo distinct inverted images in the air, one of thetnX 
a perfect figure of the original, and the other wantJ 
ing ibe hull. Two or three more were atrangely j 
distorted, their raastH appearing of at least twice 
their proper height, the top-gallant mast forming 
one-half of the total elevation ; and other vesaels 
exhibited an appeaiance totally diiferent from all 
the preceding, being aa it were compressed in. . 
place of elongated. Their masts seemed to bS'l 
scarcely one-half of their proper altitude, in eon-^ 
sequence of which one would have supposed thafl 
they were greatly heeled-to one side, or in the* 
position called careening. Along with all the! 
images of the ships a refleiuon of the ice, aome- 
times in two strata, also appeared in the ai 
these reflexions suggested the idea of cliffs 
posed of vertical columns of alabaster. 

On the 15th, 16th, and nth, of the aamen 
"~ ■, Scoresby observed similar phenomena, sonie- 
gb extending continuously through half the cir- 
bference of the horizon, and at other tiroes ap- 
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pearing only in dstacheJ spots i 
The inveiteil images of diEtant veEselB were otica 
seen in the air, while the ships themselves vrere far 
h^nd the reach nf vision. Some ahipB were 
elevated to twice their proffer height, while otheia 
-wtn compTessed almost to a line. Hummocks of 
vx were Butprisingly enlarged, and every promi- 
nent object in a proper position waB either mag- 
nified or distorted. 

But of all the phenomena witnesBed by Mr. 
Scoreaby, that of the Enchavied Coast, as it may 
be called, must have been the moat remarkable. 
This singular effect was seen on the 18th of Jnly, 
when the eky was clear, and a tremulous and per- 
fectly transparent vftjioiir was particularly sensible 
and profuse : at niue o'clock in the morning, 
when the plienomenan was first seen, the thermo- 
meter stood at 42° Fahr., but in the preceding 
evening it must have beea greatly lower, bb the 
sea was in many places covered with a consider- 
able pellicle of new ice, — a circumstance, which, 
in the very wflnnest time of the year, must he con- 
sidered as quite extraordinary, especialiy when it 
IB known that 10° farther to the north no freezing 
of t1^ sea at this season had ever before been ob- 
served. Having approached on this occasion so 
new the unexplored shore of Greenland that the 
land appeared distinct and bold, Mr. Scoresby wm 
anxious to obtain a drawing of it, but on makit^ 
the attempt he found that the outline was coa- 
Etantly changing, and he was induced to examine 
the coast with a telescope, and to sketch the v«- 
appearancea which presented themselves. 
are shown, without any regard to their pro- 



per order, id Fig. 34, which we shall dcaciihe 
Mr. Scorcsby's own words : " The genernl tete- 
Bcopic appearaoce of the coast was thnt of an ex- 
teTiahe ancitmt city abounding with the ruins of 
castles, obelisks, churches, anil monuments, vdth 
other large ojid conspicuous buildings. Some of 
the hills seemed to be surmounted by turrets, battle- 
ments, spires, and pinnacles; while others, subject- 
ed to one or two retlexioiia, exhibited large masses 
of rock, apparently suspended in the air, at a con- 
udenifale elevation above the act 
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iiitaina to which they referred. The 
bole eshibition was a grand phantasmagoria, 
arcely was any partitular portion sketchedl I 
before it changed its appearance, and assumed tl 
form of an object totally difierent. It 
i alternately a castle, a catliedral, 
; then expanding horizontally, an 
5 with the adjoining hills, united the 
: valleys, though some miles in width 
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bridge nf a single arch, of the most magnificent 
appenrance and extent. Notwitha tan ding these 
repeated changes, the varioua figures represented 
■ the drawing had all the distmctoeBs of reality; 

d not only the different strata, but also the 
veins of the rocks, with the wreaths of buow 
occupying ravines and fissiireB, formed sharp and 
distinct lines, and exhibited every appearance of 
the moiX perfect solidity." 

One of the most remarkable facts respecting 
aerial Images presenied itself to Mr. Scoresby in 
a later voyage wliich lie performed to tlie coast of 
Greenland in 1822. Having seen an inverted 
image of a ship in the air, he directed to it his 
telescope; he was able to discover it to he his 
father's ship, which was at the time below the 
horizon. " It waSj" says he, " so well defined, 
that I could distinguish by a telescope every sail, 
the general rig of the ship, and its particular cha- 
raeter; insomuch, that I confidently pronounce 
it to be my fether's ship, the Fame, which it ailer- 
wards proved to be ; though, on comparing notes 
with my father, I found that our relative position, 
Bl the time, gave a distance from one another 
very nearly 30 miles, being about seventeen miles 
beyond the horizon, and some leagues beyond 
the limit of direct vision. I was so struck with 
the peculiarity of the circumstance, that I men- 
tioned it to the officer of the watch, stating my 
full conviction that the Fame was then cruising in 
the neighbouring inlet." 

Several curious effects of the mirage were ob- 
served by Baron Humboldt during his travels in 
~mitb America. When he was residing at Cu- 




mana, he frequently saw liie islands of Pici 
and Boracha suspended In the air, and Eomctiuiea'1 
with an inverted image. On one occsBion he ob- J 
served email fishing-boalB swimming in the 
during more than iliree or four minutee, ahove I 
the well-deSned horizon of tlic sea ; and when I 
they were viewed through a telescope, one of ilic 1 
boatH had an inverted image accomiianjjng i 
its movemeuts. This distinguished traveller 
Bcrved eimilar phenomena in the barren eteppea of J 
the Caraocas, and on the borders of the Orinoco^ I 
where the river is surrounded by sandy plai: 
Little hills and chains of hills appeared suspended 
in the air, when seen from the steppes, at three or 
four leagues distance. Palm trees etandiug siugle 
in the Llanos appeared to he cut off at bottom, as 
if a Etrattim of air separated them from the ground i 
and, as in the African desert, plains destitute of 
vegetation appeared tn be rivers or lakes. At the 
Mesa de Pavona M. Humboldt and M. Bonplaiid , 
saw cuws suspended in the air at the distance of _ 
1000 toises, and having their feet elevated 3' 2(^9 
above the aoil. In this case the images were erect, 1 
but the travellers learued from good authority that's 
inverted images of/iorses had been seen suspended^ 
171 the air near Calabozo. I 

iu all these cases of atrial spectres the image* j 
^^HpK directly above the real object ; butacurioutl 
^^^M was observed by MM. Jurine and Soret <ii(l 
^^K,17th September, 1818, where the image offl 
^^K vessel was on one side of the real one. Aboutfl 
^Ttl P. M. a batk at the distance of about 4000 toiseM 
from Bellerive, on the lake of Geneva, wag seenfl 
approaching to Geneva by the left hank of tbd 



■ ^ 



ue 

lake, and at the same ticne an image of the Baits 
waa obeerved above the water, which, instead of 
Atllowisg the direction of the Irark, eeparated trora 
it, and appeared to approach Geneva by the right 
bank of the lake, the image moving from eeut to 
Mws(, while the bark moved from north to sovtk. 
When the image first separated from the bark thqr 
had both the same magnitude, but the image diim- 
nished ae it receded from it, and was reduced to 
one-balf when the phenomenon disappeared. 

A very unusual example of atrial spectres oc'- 
curred to Dr. A. P. Buchan while walking on the 
cliff abont a mile to the east of Brighton on the 
Morning of the 28th November, 1804. "While 
watching the rising of the sun," says he, " I turned 
my eyes directly towards the sea, just as the solar 
disk emerged from the surface of the water, and 
eaw the faoe of the cliff on which I whs standing, 
represented precisely oppoaite to me at some dis- 
tance on the ocean. Calling the attention of my 
companion to this appearance, we discerned ma 
own figures standing on the summit of the appa- 
rent opposite ciiff, as well as the representation of 
the windmill near at hand. 

" The reflected images were moat distinct pre- 
cisely opposite to where we stood, and the false cliff 
seemed to fade away, and to draw near to the real 
one, in proportion as it receded towards the west. 
This phenomenon lasted about ten minutes, or till 
the aun had risen nearly his own diameter above 
the surface of the ocean. The whole then seemed 
to be elevated into the air, and successively disap- 
peared, giving an impreaaion very similar to that 
»ijch is produced by the drawing up of a drop 
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e in the theatre. The horizon was cloudy, 
JH it might with more propriety be aaid that 
rface of the eea was covered with u dense 

tof many yarda in height, and which gradually 

ttdcd before the rays of the sun." 

An illusion of a different kiod, thoii^^h not less 
inteieating, is described hy the Reverend Mr. 
Hughes i() his Travels in Greece, ag seen Ironi the 
summit of Mouut jf^tna. " I must not forget to 
mention," saya he, "one extraordinary phenome- 
non, which we observed, and for which I have 
Kuched in vain for a satisfactory solution. At the 
extremity of the vast shadow which ^ttia projects 
acroBS the island, appearcil a perfect and distinct 
im^e of the mountain itself elevated above the 
horizon, and diminished as if viewed in a concavfi 
mirror. Where or what the reflector could be whicli 
exhibited this image, I cannot conceive; we could 
not be mistaken in its appearance, for all our party 
observed il, and we had been prepared for it before- 
hand by our Catanian friends. It remained visible 
about ten minutes, and disappeared as the shadow 
decreaeed. Mr. Jones observed the same pheuo-, 
menon, as well as some other friends with whon^. 
I conversed upon, the subject in England." 

It is impossible to study the preceding phena--^ 
mena without being impressed with the convictioB^' 
that nature is full of the marvellous, and that thff 
progress of science and the difiiision of knowledge 
are alone capable of dispelling the fears which her 
wonders must necessarily excite even in enlightened 
imnds. When a spectre haunts the couch of the 
sick, or follows the susceptible vision of the invalid, 
s of indisposition divests the appa- 
k2 
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rition of much of its terror, while its iuvieibility to 
Burrounding frienda bood stamps it with the impresH 
of B false perception. The spectres of the conjurer, 
too, however skilfully they may he raised, quickly 
lose their supema.tuTELl character; and even the most 
ignorant heholder regards the modem magician as 
but an ordinary man, who borrows from the scieneea 
the beat working implements of his art. But wheu, 
in the midst of solitude, and in situations where 
the mind is undisturbed hy suhlimary cerea, we see 
our own image delineated in the air, and mimick- 
ing in gigantic pcrapective the tiny movements of 
humanity ; — when we see troops in military array 
performing tbeir evolutions on the very face of an 
almost inaccessible precipice; — when, in the eye of 
day, a mountain seems to become transparent, and 
exhibits on one side of it a castle which we know 
to exist only on the other; when distant objects, 
concealed by the roundness of the earth, and beyond 
the cognizance of the teleBco]Je, are actually trans- 
ferred over the intervening convexity and pre- 
sented in distinct and niagnilied outline to our ac- 
curate examination ;^whcn such variedandstriking 
phantasms are seen also by all around us, and there- 
fore appear in the character of real phenomena of 
nature, our impressions of supernatural agency can 
only be removed by a distinct and satisfactory 
knowledge of the causes which gave them hirlh. 

It is only within the last forty years that science 
lias brought these atmospherical spectres within 
the circle of her dominion ; and not only are all 
their phenomena susceptihleof distinct esplanation, 
but we can even reproduce them on a small scale 
with the simplest elements of our optical apparatus. 
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order to convey a general idea of the caiiaeftl 
phenomena, let ABCD, Fig. 35, Ire a glasi 
\^h filled with water, and let a ^mall ship be 
I'iaced at S, An eye situated about E, will see the 
. jMnast of the Ehjp S, directly through the plate 
' f glass BD. Fis a convex lens a of eliort focua 
■pon the pJate of glass BD, and a little above a 
-iraight line SE joining the ship and the eye; and 
nil mediately above the convex leas a place a coa- 
aee, through the ^ 
%. 35. 




^^ives lens a, an inverted image of the ship at S ', 
and through the concave leoa b, an erect image of 
the shi]) at S'', representing in a geneial way the 
phenomena shown in Fig. 33. But it will be 
asked, where are the lenses in nature to produce 
these effects ? This question is easily anewered. 
If we take a tin tube with glass plates at each end, 
and fill it with water, and if we cool it on the out- 
side with ice, it will act like a concave lens when 
the cooling effect has reached the axis; and, oa J 
tlie other hand, if we heat the same tube filM 
with water, on the outmle, it will act a 
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^laes. In the first case flie density of the water 
diminishes towardB the ceutre, and in tlie eecnnd 
it increaseB towards the centre. The very same 
effects are produced in the air, only a greater tract 
of air ie neccaeary for shewing tlie eflect produced, 
liy heating and cooling it unequally. If we ncrw 
Temove the lenses it, h, and hold a heated iron 
korizon tally above the water in the trough ABC, 
the heat will gradually descend, expanding or ren- 
'flmng rarer the npper portions of the fluid. If, 
"wben the heat has reached witbin a little of the 
Ixittoiii, we look throngh the trough at the ship S 
in the direction E S', we shall see an inverted image 
at S', and an erect one at S" ; and if we hide from 
the eye at E all the ship S excepting the tnp-mastj 
■we shall have an exact representation of the phe- 
aiomenon in Fig. 33, The experiment will succeed 
"better vpith oil in place of water; and the same 
reault may be obtained without heat, by pouring 
clear syrup into the glasa trough till it is nearly 
onB-third tiill, and then UlUng it up with water. 
The water will gradually incorporate with the 
Byrup, and produce, as Dr. WoDaston has shown, 
ft regular gradation of density, diminishing fttua 
that of the pure eyrap to that of the pure water. 
Similar effects may be obtained by using masses 
of transparent solids, such as glass, rocV-salt, &C. 

Now it is easy to conceive how the changes of 
density which we can thus produce artificially may 
be produced in nature. If, in serene wcatlicr, the 
surface of the sea is much colder than the air of 
the atmosphere, as it frequently is, and as it was 
to a very great degree during the phenomena de- 
scribed by Mr. Scoresby, the air next the sea will 

ufiulJr Jwcoiae celdei axd. colder^ by giving out 
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lieat to the wUer ; and the air inimediati 
ive will give out ite heat to the cnoler 
Jiutel; btCiw it, BO that the air from I 
fdce of the sea, tu a considerable height upwards, 
will gradually diminiah in deunity, and therefore 
must produce the very pheuomeua we have de- 
scribed. 

The pheiiomenou of Dover Castle seen on the 
RniQ^^te side of the hill was produced by the air 
being more dense near the ground and above the 
sea thau at greater heights, and hence the rays 

Cceeding from the caatle reached the eye in curve 
:&, and the cause of its occupying its natural 
position on the hill, and not being seen in the air, 
was that the top of the hill itself, in conseijucnce 
of bein^j so near the caetle, suffered the samf 
change from the varying density of the air, 
therefore tiie castle and the hill were equally 
vated aud retained their relative positj 

why the image of the castle and hill 
ed erect was, that the rays from the top 
ittom of the castle had not crossed before tl 



i 




I 



readied Ramegate; but as they met at RamBgate, 
an eye at a greater distance fmm tiie castle, and 
in the path of the rays, ivould have seen the 
image inverted. This will be better uiideratood 
from the preceding diagtam, which representB Ihe 
actual progress of the rajs, from a ship S P, con- 
cealed from the observer at E by the coiivesity of 
the earth P Q E. A ray proceeding from the keel 
of the ship P is refracted into the curve line 
P c j; c E, and a ray proceeding from the top-maet 
S, is refracted in Ihe direction S (i x rf E, the two 
nys crossing at jc, and proceeding Co the eye E 
with the ray from the keel P uppermost ; hence 
the ship must appear inverted as at s p. Now if 
the eye E of the observer had been placed nearer 
the ship as at j, before the rays crossed, &a was 
tlie case at Ranisgate, it would have seen au erect 
image of the ship raised a little above (he real 
«hip S P. Rays S m, S n, proceeding higher up 
in the air, are refracted in the directions SmmE, 
S n n E, but do nut cross before they reach the 
eye, and therefore they afford the erect im^e of 
the ship shown at / p'. 

The aerial troopers aeen at Souterfell were pro- 
duced by the very same process as the spectre of 
Dover Castle, having been brought by unequal 
refraction from one side of the hill to the other. 
It is not our business to discover how a troop of 
soldiers came to he performing their evolutions on 
the other aide of Souterfell ; but if there was then 
no road along which they could be marching, it is 
highly probable that ihey were troops i 
among the hills in secret previous to the breali 
[•>■■' "f the rebellion in 1145. 



KXPLANATIOJJ O 

; image of the Genevese bark which i 

■een Bailing at a distance from the real one, arose 
Irom the Eanie cause aaJhe images uf ehips in the 
air, with this difference only, that in this case the 
strata of equal density were vertical or perpen- 
dicular to the water, whereas, in the former cases, 
they were horizontal or parallel to the water. 1 
The state of the air which produced tlie lateral I 
image may l>e produced by a headland or island, 
or even rocks, near the surface, and covered with 
water. These headlands, islands, or sunken rocks 
being poweifally heated hy the sun in the day- 
time, wilt heat the air immediately above them, 
while the adjacent air over the sea will retain its ■ 
former coolness and density. Hence there TrilL I 
necessarily arise a gradation of density varying J 
in the same horizontid direction, or where the 1 
lines of equal density arc vertical. If we suppose 
the very same state of the air to esist in a liori- I 
zontal plane which CJiista in a vertical plane, ia j 
Fig. 36, then the same images would be seen in & I 
horizontal line, viz., an inverted one at i p, and J 
an erect one at s' p'. In the case of the Gene- J 
vese bark, the rays had not crossed before IhqF'l 
reached the eye, and therefore the image was an 1 
erect one. Had the real Genevese bark beea 1 
concealed by some promontory or other cause | 
from the observation of MM. Jurine and Soret, 
they might have attached a supernatural character 
to the spectral image, especially if they had seen 
it gradually decay, and finally disappear on the 
still and unbroken surface of the lake. No similar 
fact had been previously observed, and there were J 
no circumstances in the case to have excited t' " 
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■uBpicion that it was the spectre of a real veeael 
produced by unequal reliaclion. 

Tlie Bpectre of the Brocken and other pheno- 
mena of ihc game kind have essentially a difliereut 
origin (Voni those which arise from unequal refrac- 
tion. They are merely ehaduwa of the observer 
projecled on dense vapour or thin fleecy clouds, 
which have the power of reflecting much l^ht. 
They are seen most frequently at sunrise, because 
it is at that time that the vapours and clouds ne- 
cessary for their production are most likely to be 
generated ; and they can be seen only when the 
sun is throwing his rays hoiizontally, because the 
shsdow of the observer would otherwise be thrown 
either up in the air, or down upon the ground. 
If there are two persons looking at the pheno- 
menon, as when M. Haue and the landlord saw it 
together, each observer will sec his own image 
most distinctly, and the head will be more distinct 
than the rest of tlie figure, because the rays of the 
sun will be more copiously retiected at a perpen- 
dicular incidence : and as, irom this cause, the 
light reflected from the vapour or cloud becomes 
feinter farther from the shadow, the appearance of 
a halo round the head of the observer is frequently 
viaible. M, Haue mentions the extraordinary cir- 
cumstance of the two spectres of him and the 
landlord being joined by a third fiffure, but he 
unfortunately does not inform us which of the two 
figures was doubled, for it is impossible that a 
person could have joined their party unobserved. 
It is very probable that the new spectre forms c 
il addition to the group, as we have r^re- 
it in F%. 30 ; and if this was the case, it 
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Maid ouly have been produced by a duplic 
one nf the figures produced by unequal refraction. 
The reflected spectre of Dr. Buehan etaDding 
open the cliff at Brighton arose from a cauec ta 
which we have not jet adverted. It was obviously 
no eiiadow, for it is certain, from the locality, thU 
the rays of the sun fell upon the face of the cliff 
and upon his person at an angle of about 13° from 
the perpendicnlar, eo as to illuniinitte them strongly. 
Now there are two ways in which such an image 
may have been reflected, namely, either from strata 
of air of variable density, or from a vertical stra- 
tum of vapour, consisting of exceedingly minute 
globules of water. Wlienever light sufiers r6- 
fiaction, either in passing at once from one niediimi 
into another, or irom one part of the same medium 
into another of different density, a portion of it 
sufiers reflexion. If an object, therefore, were 
strongly illumiuated, a sufficiently distinct image, 
or rather shadow of it, might be seen by reflejcion 
from strata of air of different density. As the 
temperature at which moisture is deposited in the 
atmosphere varies with the density of the air, tUeii 
at the same temperature moisture might he de- 
positing in a. stratum of one density, while no 
deposition is taking place in the adjacent stratum 
of a different density. Hence there would exist, 
as it were, in the air, a vertical wall or sCratun 
of minute globules of water, from tlie surface a 
which a sufficiently distinct image of a highl 
illuminated object might be reflected. That t"-' 
' Moseible may be proved by breathing upon gli 

■ the particles deposited upon the glass are larj^^ 
distinct reflesioQ will take place; but i| 
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the particles he very Email, we shall see a distinct 
image formeJ by the Eurt'ace of the aqueous film. 

The phenomena of the Fata Morgana liave been 
too imperfectly deBcribed to enable na to offer a 
satisfactury explanation of them. The aSrial images 
»re obviously those formed by unequal refraction. 
, 'The pictures seen on the wa may he either the 
aBrial images reflected from its surface, or from a 
■tratum of dense vapour, or they may tie the 
direct reflexions from the objects themselves. The 
coloured images, as described by Minasi, have 
never been seen in any aualogous phenomena, and 
require to be better described before they can he 
submitted to acientiiic examination. 

The re presentation of ships in the air by unequal 
refraction has no doubt given rise in early times to 
those superstitions which have prevailed in different 
countries respecting "phantom ships," as Mr. 
Waehington Irving calls them, which always sail 
in the eye of the wind, and plough their way 
through the smooth sea, where there is not a 
breath of wind upon its surface. In his beautiful, 
story of the storm ship, which makes its way up 
the Hudson against wind and tide, this elegant 
writer has finely embodied one of the most in- 
teresting superstitions of the early American colo- 
niits. The Flying Dutchman had, in all probabi- 
lity, a similar origin; and the wizard beacon-keeper 
of the Isle of France, who saw in the air the ves- 
sels bound to the island long before they appeared 
in the offing, must have derived his power from a 
diligent observation of the phenomena of nature 
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Xest to the eye, the ear is the most fertile 8i 
of our illusioTia, and the ancient magicians bei 
have becTi very successful In turning to their pur- 
pOBea the doctrines of sound. In the labyrinth of 
Egypt, which contained twelve palaces and 1500 
subterraueous apartments, the gods were made to 
epeak in a voice of thunder; and Pliny, in whose 
time this singular structure existed, informs ui^ J 
that some of the palaces were so constructed thatl 
their doora could not he opened without permitting I 
the peals of thunder to be heard in the in- I 
t«rior. When Daiiua Hystaspes aacended the 
throne, and allowed his subjects to prostrate them- 
selves before him as a god, the divinity of his cha- 
racter was impressed upon his worshippers hy the 
bursts of thunder and flashes of lightning which 
accompanied their devotion. History has of course 
not informed ua how these effects were produced ; 
but it is probable that, in the subterraneous and 
vaulted apartments of the Egyptian labyrinth, the 
reverberatud sounds arising from the mere opening 
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and eliuttlDg of the doors themselves afforded j^| 
Bufficient imitation of ordinary thunder. In the 
palace of the PereJau king, however, a more arti- 
ficial imitation ih likely to have been employed, 
and it is not improlmble that the method used iu 
Qur modem theatres was known to the ancients. 
A thin sheet of iron, three or four feet long, sueh 
aa that used for German stoves, is held by one 
comer between the iingei and the thumb, and 
allowed to hang frcelj by its own weight. The 
hand is then moved or shaken horizontally, so as 
to estate the coiner in a direction at right angles 
to the surface of the sheet. By this simple pro- 
cess a great variety of sounds will be produced, 
varying from the deep growl of distant thunder to 
those loud and explosive bursts which rattle in 
quick succession from clouds immediately over out 
heads. The operator soon acquires great power 
over this instrument, so as to be able to produce 
&am it any intensity and character of sound that 
may be required. The same effect may be produced 
by sheets of tin-plate, and by thin plates of mica; 
but, on account of tlieir small size, the sound ia 
ahorter and more acute. In modem exhibitions a» 
admirable imitation of hghtning is produced by 
throwing the powder of rosin, or the dust of lyccf- 
podium, throughaflame; and the rattling showers 
of rain which accompany these meteors are well 
imitated by a well-regulated shower of peas. 

The principal pieces of acoustic mechauism used 

by the ancients were speaking or singing headSf 

which were constructed for the purpose of repre- 

■"tlting the gods, or of uttering oracular responses. 

pug these, the speaking head of Orpheus, which 



^■Bered its responseB at Lesbos, is one of the most 
famous. It was celebrated not only throughout 
Greece, but even in Persia ; and it had the credit of 
predicting, in the equivocal lan^age of the hea- 
llien oracles, the bloody death which terminated 
the expedition of Cyrus the Great into Scythia. 
Odin, the mighty magician of the north, who im- 
ported into Scandinavia the magical arte of the cast, 
pngaeased a speaking head, said to be that of the 
SHSce Minos, which he had enchased in gold, and 
whieli uttered responses that hail all the authority 
of a divine revelation. The celebrated mechanic 
Gerbert, who filled the papal chair A. D. 1000, 
under the name of Sylvester II., constructed a 
speaking head of brass. Albertus Magnna is said 
to have esecnted a head in the thirteenth century, 
which not only moved, but spoke, [t was made of 
earthenware, and Thomas Aquinas is said to have 
been BO terrified when he saw it, that he broke it 
in pieces, upon which the mechanist esLcIaimed, 
" There goes the labour of thirty years." 

It has been supposed by some authors, that In 
the ancient speaking-machines the deception is 
eifected by means of ventriloquism, the voice issu- 
ing from the juggler himself; but it is more pro- 
bable that the sound was conveyed by pipes from a 
person in another apartment to the mouth of the 
figure. Lncian, indeed, expressly informs us, tha* 
the impostor Alexander made his figure of j^Cscula- 
pine speak, by transmitting his voice through the 
gullet of a crane to the mouth of t!ie statue : and 
that this method was general, appears from a pas- 
Btige in Theodoretufl, who assures us, that in the 
fourth century, when Bishop Theophllus broke to 
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pieces the elatueB at Alexandria, he found some 
which were hollow, and which were so placed 
B^inst a wall, that the priest could conceal him' 
self behind them, and address the ignorant spec- 
tators through their mouths. 

Even in modern times, Bpealcing-machine^ have 
1)een conBtructed on this principle. The figure is 
ftequeiitly a mere head placed upon a hollow 
pedestal, which, in order to promote the deception, 
contains a. pair of bellowi^, a eounding-board, a 
cylinder and pi|)esBuppo8edto represent the organs 
of speech. In other cases these are dispensed with, 
and a simple wooden head utters its sounds through 
a speaking trumpet. At the court of Charles II, 
this deception was eshibited with great effect by 
one Thomas Ireon, an Engliehman ; and when the 
aetonishment had become very general, a popish 
priest was discovered by one of the pages in an ad- 
joining apartmeut. The questions had been pro- 
posed to the wooden figure by whispering into its 
ear, and this learned personage had answered them 
all with great ability, by speaking through a pipe 
in the same language in which the questions were 
proposed. Professor Beckmann informs us that 
children and women were generally concealed 
either in the juggler's bos or in the adjacent 
apartment, and that the juggler gave them every 
assistanceby means of signs previously agreed upon. 
When one of these exhibitions was shown at Gut- 
tingen, the Professor was allowed, on the promise 
of secrecy, to witness the process of deception. He 
. law the assistant in another room, standing before 
[ 'he pipe with a card in his hand, upon which the 
gns agreed upon had been marked, and he had 
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been introduced bo privately into llie house thatf 
even the landlady was ignorant of his being there. 

An exhibition of the very same kind has been 
brought forward in our own day, under the name 
of the Inrisibte Girl ; a.nd as the inechaiiigm cm- 
ployed was eslremely ingenious, and is well fitted 
to convey an idea of this claes of deceptions, we 
shall give a detailed description of it. 

The luaehinery, as constructed by M, Charlea, 

is shown in Fig. 37 in perspective, and a plan of 

Fig. 37. 




it in Fig. 38. The four upright pnsts A, A, A, Aj 
are united at top by a cross rail B, B, and by ti 
similar rails at bottom. Four heiit w ' 
proceeded from the top of these posts, and termi- 
nated at n. A hollow copper ball M, about a foot 
in diameter, was suspended from these wires by 
four slender ribands b, h, b, b, and into the c 
ball were fixed the extremities of four t 
T, T, T, T, with their mouths outwards. 
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The apparatus now described was all that n 
visible tu tlic Epectatur ; and though fixed in one 
spot, yet it had the appearance of a piece of ee- 
parate machinery, which might have occupied any 
other part of the rooni. When one of the spec- 
tators was requested by the exhibitor to propoBe 
some queBtlon, he did it by speaking into one of 
the trumpets at T. An appropriate answer was 
then returned from all the trumpets, and the 
sound issued with Buificient intensity to t>e heard 
by an ear applied to any of them, and yet it was 
so weak that it appeared to come from a peraon of 
very diminutive size. Hence the sound was sup- 
posed to come from an invisible girl, though tlie 
real speaker wag a full-grown woman. The invi- 
sible lady conversed in different languagea, sang 
beautifully, and made the most lively and appro- 
priate remnrks on the persona in the room. 

This exhibition was obviously far more wonder- 
&1 than the speaking heads which we have de- 
scribed, as the latter invariably comnmnicated 
^ irith a wall, or with a pedestal t)uough which 




Iiipea coulii be carricJ into the next apartment. 
But the ball M and its trumpets communicated 
■with nothing through whicli somid coultl be con- 
veyed. The apectatoT satiafied himself hy esami- 
nation that the ribauds b, h, were real ribands, 
which concealed nothing, and wliich could convey 
no sound ; and aa he never conceived that the 
ordinary piece of frame-work A B could be of 
any other use than its apparent one of aupporcing 
the Bphere M, and defending it from the spectators, 
he was left in utter amazement respecting the. 
origin of the sound, and his surprise was increased 
by the ditferunce between the sounds which w 
uttered and those of ordinary speech. 

Though the spectators were thus deceived 
their own reasoning, yet the ])roceB8 of deception 
WBB a very simple one. In two of the horizontal 
railings A, A, Fig. 38, opposite the trumpet 
mouths T, there was an aperture cummmiicating 
with a pipe or tube which went to the vertical 

it B, and descending it, as shown at T A A, 

[. 39, went beneath the floor// in the direc- 
p, p, and entered the apartment N, where 
invisible lady sat. On the aide of the parti- 
tion about h, there was a i^mall hole through 
which the lady saw what was going on in the 
eshibition-room, and communications uere no 
deubt madv to her by signals from the person 
attended the machine. When one of the 
itors asked a question by speaking into one 

the tmnipete T, the sound was reflected iram 
Qk mouth of the trumpet back to the aperture st 
A, in the horizontal rail, Fig. 38, and was di 
tioctly conveyed along the closed tube into tl 
1.1 
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apartment N. In like manner the answer iesned 
from the aperture A, and being reflected back to 
the ear of the spectator by the trumpet, he heard the 
sounds with that change of character which they 
receive when transmitted through a tuhe and then 
reflected to the ear. 

The Hurprise of the auditors was greatly in- 
cresEed by the circumstance, that an answer was 
letumed to questions put in a whisper, and also 
by the conviction that nobody but a person in the' 
middle of the audience could observe the circum- 
Blances to which the invisible figure frequently 
adverted. 

Although the performances of speaking heads 
were generally effected by the methods now de- 
W' scribed, yet there is reason to think that the ven- 
triloquist BometimeB presided at the ~ exhibition, 
and deceived the audience by his extraordinary 
powers of illusion. There is no species of decep- 
tion more irresistible in its effects than that which 
) from the uncertainty with which we judge 
of the direction and distance of sounds. Every 



person must have noticed how a sound in their 
osni ears is often mistaken for some loud noise 
moderated by the distance from which it is sup- 
poged to come ; aod ^the sportBman must have 
frequently been surprised at the existence of mu- 
sical sounds humming remotely in the extended 
heath, when it was only the wind sounding in the 
barrel of his gun. The great proportion of ap- 
paritions that haunt old castles and apartments 
associated with death exist only in the Bounds 
which accompany them. The imagination even 
of the boldest inmate of a place hallowed by su- 
perstition, will transfer some trifling sound near 
his own person to a direction and to a distance 
very different from the truth, and the sound which 
olherwiae might have no peculiar complexion will 
derive another character from its new locality. 
Spurning the idea of a supernatural origin, he de- 
termines to unmask the spectre, and grapple with 
it in its den. All the inmates of the house are 
found to be asleep — even the quadrupeds are in 
their lair — there is not a breath of wind to ruffle 
the lake that reflects through the casement the 
reclining crescent of the night; and the massive 
walla in which he is inclosed forbid the idea that 
he has been disturbed by the warping of pan- 
nelling or the heuding of partitions. His search 
is vain ; and be remains master of his own secret; 
till he has another opportunity of investigation. 
The same sound again disturbs him, and, modified 
probably by his own position at the time, it may 
perhaps appear to come in a direction slightly dif- 
fercTit from the last. His searches are resumed, 
and he is again disappointed. If this incident 
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should recur night after night with the « 
result — if the sound should appear to depend 
upon hie own inotionH, or be any how associated 
with himself, with his present feelings, or with his 
past hietory, his personal courage will gi^e way ; t, 
superstitiouE dread, at which he himself perhaps 
laughs, will seize his mind ; and he will rather 
believe that the sounds have a supernatural origin, 
than that they could continue to issue from a spot 
■where he ki>owa there is no natural cause for their 
production. 

I have had occasion to have personal knowledge 
of a case much stronger than that which has now 
been put. A gentleman, devoid of all supersUtious 
feelings, and living in a house free from any 
gloomy associations, heard night after night in 
his bed-room a gingular noise, unlike any ordinaiy 
sound to which he was accustomed. He had slept 
in the same room for years without hearing it, 
and he attributed it at first to some change of cir- 
cumstances in the roof or in the walls of the room, 
but after the strictest examination no cause could 

" be found for it. It occurred only once in the 
night ; it was heard almost every night, with few 
interruptions. It was over in an inatunt, and it 
never took place till after the gentleman had gone 
to bed. It was always distinctly heard by his 
companion, to whose time of going to bed it 
lad no relation. It depended on the gentleman 
alone, and it followed him into another apartment 
with another bed, on the opposite side of the 
house. Accustomed to such investigations, he 
made the most dUigent but fruitless search into its 

^aaee. The consideration that the sound bad « 
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specinl reference to him alone, operated «poii his 
imagination, and he did not scruple to acknow- 
ledge that the recurrence of the mysteriouB Boupd 
produced a aupetstitioua feeUng at the moment. 
Many months afterwards it was found that the 
sound arose from the partial opening of the door 
of a wardrobe which was within a few feet of the 
gentlemun'g head, and which had been taken into 
the other apartment. This wardrobe was almost 
always opened before he retired to bed, and the 
door being a little too tight, it gradually forced 
itself open with a sort of dull sound, resembUng 
the note of a drum. As the door had only started 
half an iuchontof its place, its change of position 
never attracted attention. The sound, indeed, 
seemed to come in a different direction, and trom 
a greater distance. 

When sounds so mysteriouB in their origin are 

heard by persona predisposed to a bebef in the 

marvellous, their influence over the mind must be 

powerful. An inquiry into their origin, if it 

m>ad& at all, will be made more in the hope of 

"irmiog than of removing the original impres- 

j and the unfortunate victim of his own fears 

rin also be the willing dupe of his own judgment. 

This uncertainty with respect to the direction of 

sound is the foundation of the art of veutriloquism. 

place ten men in a row at such a distance 

us that they are included in the angle within i 

judge of the direction of 

if in a calm day each of them speaks 

ion, we shall not be able with closed e^yCBfl 

rmine from which of the ten men any of l' 

Lnds proceeds, and we shall be incapable of |ii 
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ceicing that there is any difference in the dtrectji^l 
of the sounds emitted by the two outermofit. If « 
mtin and h rhild are placed within the same angle, 
end if the man tpeake with the accent of a child 
without any corresponding motion in his mouth or 
ftce, we shall necesBarily believe that the voice 
comes from the child; nay, if the child is bo dis- 
tant from the man that the voice actually appears 
to us to come from the man, we shall still continue 
in the belief that the child is the speaker ; aad thia 
conviction would acquire additional strength if the 
child favoured the deception, by accommodating 
its features and gestures to the words spoken by 
the man. So powerful, indeed, is the influence of 
this- deception, that if a, jack-ass, placed near the 
man, were to open its niouth, and shake its head 
responaive to the words uttered by hia neighbour, 
we should rather believe that the ass spoke than 
that the sounds proceeded from a person whose 
mouth was shut, and the mnsclea of whose face 
were in perfect repose. If our imagination were 
even directed to a marble statue or a lump of in- 
animate matter, as the source from which we were 
to expect the sounds to issue, we would still be 
deceived, and would refer the sounds even to these 

^elesB objects. The illuBioii would be greatly 
promoted, if the voice were totally different in its 

(tone and character from that of the man irom whom 
it really comes ; and if he occasiooally speak in his 
own full and measured voice, the belief will be irre- 
sistible that the assumed voice proceeds from the 
quadiuped or from the inanimate object. 

When the sounds which are required to proceed 
fniBi any given object are such as they are ac- 
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^^H^ calculated to yield, tlie proceis o{\ deception 1 
^^Btreinely easy ; and it may be Buccei^s fully exe- 
^Hkd, even if the angle between the real and the 
^^fetoeed direction of the sound is much greater 
VRn the angle of uncertainty. Mr. Dugald Stew- 
art hae stated some casee in which deceptions of 
this kind were very perfect. He mentions hia 
having seen a person who, by counterfeiting the 
gesliculatjons of a performer on the violin, while 
he imitated the music by his voice, riveted tlie 
eyea of hia audience on the instrument, though 
every sound they heard proceeded from hia own 
mouth, The late Savile Carey, who imitated the 
whistling of the wind through a narrow chink, told 
Mr. Stewart that he had frequently practised this 
deception in the comer of a coffee-house, and that 
he seldom failed to see some of the company riae 
to examine the tightness of the windows, while J 
others, more intent on their newspapers, contented | 
themselves with putting on their hats and butti 
ing their coats. Mr. Stewart likewise mentionB.-| 
iin exhibition formerly common in some of thef 
continental theatres, where a performer nn 
stage displayed the dumb-show of singing v 
his lips and eyes and gestures, while another per- J 
son unseen supplied the music with his ^ 
The deception in this case he found to be at first ■ ' 
so complete as to impose upon the nicest ear a 
the quickest eye ; but in the progress of the en- 
tertainment, he became distinctly sensible of the 
imposition, and sometimes wondered that it should 
have misled him for a moment. In this case there | 
can be no doubt that the deception was at first J 
the work of the imagination, and 
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tained by the acnustic principle. The real and the 
mock singer were too distant, and when the in- 
fluence of the imagination suhsided, the true direc- 
tion of the Bound whs discovered. This detecti(»i 
of the imposture, however, may have arisen froni 
another cause. If the mock singer happened to 
change the position of hia head, while the teal 
singer made no corresponding change in his voice, 
the attentive Bpeetator would at once notice this 
incongniity, aud discover the imposition. 

lu many of the feats of ventriloquism the per- 
former contrives, under some pretence or other, to 
conceal hia face, but ventriloquists of great dis- 
tinction, such as M. Alexandre, practise their art 
without any such concealment. 

Ventriloquism loses its distinctivE character if 
its imitations are not performed by a voice from. 
the belly. The voice, indeed, does not actually 
come from that region; but wjien the ventriloquist 
Uttera Eouads from the larynx without moving the 
muscles of his face, he gives them strength l^ a 
powerful action of the abdomioBl muscles. Hence 
he speaks by means of hia belly, although the 
throat is the real boutcc from whence the sounds 
proceed. Mr. Dugald Stewart has doubted t^ 
fact, that ventriloquists posEeas the power of fetch- 
ing a voice from within : lie cannot conceive what 
aid could be derived from such an extraordinary 
power ; and he considers that the imagination, 
when seconded by such powers of imitation as 
some mimics possess, is quite sufScient to account 
for all the phenomena of ventriloquism which he 
haa heard. This opinion, however, is atrongly 
opposed by the remark made to Mr. Stewart him- 
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^Hidf by ft ventriloqiiist, " tbat his art would be* 
perfect, if it were possible only to apeak distincdy 
without any movement of the lips at all." But, in- 
dependent of this admission, it is a matter of abso- 
lute certainty, that this internal power is exercised 
by the true ventriloquist. In the account which 
the Abbe Chapelle has given of the performancea 
of M- St. Gille and Louis Brabant, he distinctly 
EtatcB tbat M. St. Gille appeared to be abaolutel; 
mute while he was esercising his art, and tbat no 
ciiange in his countenance conld be discovered*. 
He affirms, also, that the countenance of Louis 
Brabant exbihited no change, and that his lip« 
were close and inactive. M. Richerand, who at- 
teiitiveiy watched the performances of M. Fita- 
Jamea, bbsutcb ub that during his exhibition there 
was a distention in the epigsBtric region, and that 
he could not long continue the exertion without 
fatigue. 

tThe influence over the human mind which the 
itriloquist derives from the altilful practice of 
I &rt is greater than tbat which is exercised by 
f other species of conjuror. The ordinary ma- 
aan requires bis theatre, his accomplices, Mid 
J instruments of his art, and he enjoys but a 
»1 sovereignty within the precincts of his own 
igic circle. The ventriloquist, on the contrary, 
s the supernatural always at his command. In 
tlie open fieldsas wellas in the crowded city, in the 
private apartment as well as in the public ball, he 
can summon np innumerable spirits ; and thotigh 
e persons of his fictitious dialogue are not visible 
> the eye, yet they are unequivocally present t* 
• Ediabuigh Journal of Science, Nthnviiii p. 
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tlie imagination of his auditors, as if they 
been shadowed forth in the Eilence of u spectral 
form. In order to convey some idea of the influ- 
ence of this illusion, I fthall mention a few well- 
suthenticated cases of succesBful ventriloquiBm. 

M. St. Gille, a grocer of St. Germain en Lay, 
whose performances have been recorded by the 
Abb^ de la Chapelle, bad occasion to shelter 
himgclf from a storm in a neighbouring convent, 
where the monks were in deep mourning for a 
much-esteemed member of their community who 
had been recently buried.. While lamenting over 
the tomb of their deceased brother the slight ho- 
nours which had been paid to his memory, a voice 
was suddenly heard to issue from the roof of the 
choir bewailing the condition of the deceased in 
purgatory, and reproving the brotherhood f^r their 
want of zeal. The tidings of this supernatural 
event brought the whole brotherhood to the church. 
The voice from above repeated its lamentationa 
and reproaches, and the whole convent fell upon 
their &ces, and vowed to make a reparation of their 
error. They accordingly chanted in full choir a 
de yrnfimritts, during tlie intervals of which the 
■pirit of the departed monk expressed bis ^tis- 
&ction at their pious esercises. The prior after- 
wards inveighed against modem scepticism on the 
subject of apparitions, and M. St. Gille had great 
difficulty in convincing the fraternity that the whole 
was a deception. 

On another occasion, a commission of the Royal 
Academy of Sciences at Paris, attended by several 
persons of the highest rank, met at St. Germain en 
Lay to witness the performances of M. St. Gille 
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The real object of their meeting was purpoat 
withheld from a lady of the party, who was informi 
that an aerial spirit had lately established itself in 
the neighbourhood, and that the object of the as- 
scmbly was to investigate the matter. When the 
party bed eat down to dinner in the open air, the 
spirit addressed the lady in a voice which seemed 
to come from above their heads, from the surface 
of the ground at a great distance, or from a consi- 
deiable depth under her feet. Having been thus 
addressed at intervaJs during two hours, the lady 
was firmly convinced of the existence of the spirit, 
and could with difficulty be undeceived. 

Another ventriloquist, I..ouia Brabant, who had 
been valet de chamhre to Francis I., turned his 
powers to a more profitable account. Having fallen 
in love with a rich and beautiful heiress, he was 
rejected by her parents as an unsuitable match for 
their daughter. On the death of ber father, Louis 
paid a visit to the widow, and he had no sooner 
entered the house than she heard the voice of her 
deceased husband addressing her from above, 
" Give my daughter in marriage to Louis Braban^ 
who is a man of large fortune and excellent cha- 
racter. I endure the inespreasible torments of 
purgatory for having refused her to him. Obey 
this admonition, and give everlasting repose to the 
aoul of your poor husband." This awful com- 
mand could not be resisted, and the widow an- 
nounced her compliance with it. 

Aa our conjuror, however, required money for 

f completion of his marriage, he resolved to worlt^^— 
a the fears of one Cornu, an old banker ^^■ 
ne.who had amassed immense wealth by usui^^H 
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^^B Bud extortion. Having obtained an interview with 
^H the miser, be introduced the subjectE of dctmona 
^^H ftnd e|)ectTea and the torments of purgatory; a»d 
^^B during au interval of eilence, the voice of the 
^^f miser's deceased father was heard complaining of 
his dreadful Bitnation in purgatory, and calling 
upon hiE son to rescue him A-om his sufTerings by 
enabling Louis Brabant to redeem the Christiana 
that were enslaved by the Turks. The nwe-struck 
miser was also threatened with eternal damnatioQ 
if he did not thus expiate hia own aina ; but such 
was the grasp that the banker took of his gold, 
that the ventriloquist was obliged to pay him ano- 
ther visit. On this occasion, not only his father 
hut all his deceased relatives appealed to him ia 
behalf of his own soul and theirs ; and such was 
the loutbiesB of their complaints, that the spirit of 
the hanker was subdued, and he gave the ventrilo- 
quist ten thousand crowns to liberate the Cbristian 
captives. When the miser was afterwards unde- 
ceived, he is said to have been so mortified that 
he died of vesation. 

The ventriloquists of the nineteenth century 
made great additions to their art, and the perform- 

tuices of M. Fitz-James and M. Alexandre, which 
must have been seen by many of our countrymen, 
were far superior to those of their predecessors. 
Besides the art of speaking by the muscles of the 
throat and the abdomen, without moving those of 
the face, these artists had not only studied with 
great diligence and success the modifications which 
sounds of al! kinds undeigo from distance, obstruc- 
tions, and other causes, hut had acquired the art of 
^imitating them iu the highest perfection. The 
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called, were numerouB ; and when on the outside.J 
of an apartment, he could person a. te a mob with itsil 
infiiiite variety of noise Hiid vocifetalion. Their ii 
fluetice over an audience was still further extended 
by a Biugular power over the mtiEclea of tiie body. 
Mr. FiLz-Jamea actually succeeded in making the 
mposite or corresponding muscles act differently 
1 each other; and while one side of his face 

s merry and laughing, the other was full of sor- 

and in tears. At one moment he was tall, 

, and melancholic, and after pausing behind 

jn, he came out "" bloated with obesity and 

with fulness." M. Alesaudre possessed 

t aajne power over his face aud figure; and so 
striking was the contrast of two of these fonn% j 
that an excellent sculptor, Mr. Joseph, has perpC" | 
tUHted them in marble. I 

This new acquirement of the TentrilofjuiBt en- ^ 
abled him, in bia own single person and with his 
own single voice, to represent upon the stage a 
dramatic composition which would have required 
the assistance of sevcnil actors. Although only 
one character in the piece could be seen at the 
same time, yet they all appeared during its perform- 
ance, and the change of face and figure on the part 
of the ventriloquist was BO perfect, that his personal 
identity could not be recognized in the dramatis 
jmrsonee. This deception was rendered atill more 
complete by aparticular construction of the dresses 
which enabled the performer to reappear ir 
character after an interval so short that the audi- J 
encenecessaiily believed that it was another persoiii 
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It is a curious circumstance that Captaia Ly<_ 
found among the Eskimaus of igloolik ventnlo- 
quistB of no mean slcill. There is much rivalry 
among tlie profeBSors of the art, who do not es- 
poae each other's secrels, and tlieir exhibitions 
derive great importance from the rarity of their 
Dccurrence. The following account of one of them 
is Ko interesting that we ahall give the whole of it 
in Captain Lyon's words ; — 

" Amongst our Igloolik acquaintanceB were two 
females and a few male wizards, of whom the prirf- 
cipal was Toolemak. This personage was cunning 
and intelligent; and, whether professionally, or from 
his skill in the chase, but perhaps from both reu- 
Hons, was considered by all the tribe as a man of 
importance. Ae I invariably paid great deference 
to his opinion on all subjects connected with hia 
calling, he freely communicated to me his superior 
knowledge, and did not scniple to allow of my 
being present at liia iiiterviews with Tomga, or his 
patron spirit. In consequence of this, I took an 
early opportunity of requesting my friend to ex- 
hibit his skill in my cabin. His old wife was with 
him, and by much flattery and an accidental dis- 
play of a glittering knife and some beads, she 
assisted me in obtaining my request. All light 
excluded, our sorcerer Iwgan chanting to his wife 
with great vehemence, and she in return answered 
by singing the Amna-aya, which was not discon- 
tinued during the whole ceremony. As far as I 
could hear, he afterwards began turning himself 
rapidly round, and in a loud, powerful voice vocife- 
ited for Tomga with great impatience, at the 
time blowing and snorting like a walnia. His 
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' 'VCiise, impatience, and agitation increased every 1 
moment, and he at length seated himself on the 
dedi, varying his tones, and making a nistling 
with his clothes. Suddenly the voice seemed 
smothered, and was so managed as to sound as if 
retreating beneath the deck, each moment becoming 
more distant, and ultimately giving the idea of 
being many feet below the cabin, when it ceased 
entirely. His wife now, in answer to my queries, 
informed me very Beriously, that he had dived, and 
that he would send up Tomga. Accordingly, in 
about half a minute, a distant blowing was heard 
very slowly approaching, and a voice, which dif- 
fered from that at first heard, was at times mingled 
with the blowing, until at length both sounds be- 
came distinct, and the old woman informed me that 
Tornga was come to answer my quesCious. I ac- 
cordingly asked several qnestions of the sagacious 
spirit, to each of which inquiries I received 
answer by two loud claps on the deck, which I \ 
given to understand were favourable. 

" A very hollow, yet powerful voice, certainly-. 
much different from Che tones of Toolcmak, nowJ_ 
chanted for some time, and a strange jumble r^- 
hisses, groans, shouts, and gabblings like a turkey 
succeeded in rapid order. The old woman sang 
with increased energy ; and as I took it for granted 
that this was all intended to astonish the Kabloona, 
I cried repeatedly tliat J was very much afraid.. 
This, as I expected, added fuel to the fire, uutfl 
the poor immortal, exhausted by its own might, 
asked leave to retire. 

" The voice gradually sunk from nur hearing aa 
it first, and a very indistinct hissing succeeded; 
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ID ils ftdvBuce it sounded like the tone produced 
by the wind on the bass chord of an iEolian harp. 
Tbie was soon changed to a rapid hies like that of 
a rocket, and Toolemak with a yell announced his 
return. I had held my breath at the first distant 
hiBBing, and twic« exhausted niyeelf, yet our con- 
juror did not once respire, and even hi« returning 
and powerful yell was uttered without a previous 
Btop or inspiration of air. 

" Light being admitted, our wizard, as might be 
espeeted, was in a profuse perepiratton, and cer- 
tainly much exhausted by his exertions, which had 
(wntinued for at least half an hour. We now ob- 
served a couple of bunches, each consisting of two 
stripes of white deer-skin, and a long piece ef 
sinew, attached to the back of his coat. These we 
had not seen before, and were informed that they 
had been sewn on by Tomga while he was below*." 

Captain Lyon had the good fortune to witness 
anotbfr of Toolemak'e exhibitions, and he was 
much struck with the wonderful steadiness of the 
wizard throughout the whole performance, which 
lasted an hour and a half. Hedid not once appear 
to move, for he was so close to the skin behind 
which Captain Lyon sat, tliat if he had done so he 
must have perceived it. Captain Lyon did not 
hear the least rustling of hia clothes, or even dis- 
tinguish his breathing, although bis outcries were 
made with great exertiont- 

• Prwttia Jaurnal of Ca-Binin G.F. Ljou. Lond. 1824. 
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A^oNG the discoveries of modem science there 
are few more remarkable than those which relate 
to the production of harmonic sotmds. We are 
all familiarwith the etfectE of musical iastnimenta, 
from the decp-toiied voice of the organ to the 
wiry shrill of the Jew's harp. We sit intranccd 
under their magical influence, whether the ear is 
charmed with tbe melody of their aounda, or the 
heart agitated by the sympathies which they rouse. 
But though we may admire their external form, 
and the skill of the arliat who constructed them, 
we never think of inquiring into the cause of uuch 
estiaordinary combination a. 

Sounds of all kinds are conveyed to the oi^an 

of hearing through the air; and if thie element 

were to be destroyed, all nature would be burled 

in the deepest eileoce. Noises of every varietT 
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whether they are muaical or discordant, high or 
low, move through ihe air of our atmosphere at 
the surface of the earth with a. velocity of 1090 
feet in a second, or 765 miles per hour; but in 
sulphurous acid gas sound moves only through 
^51 feet in a second, while in hydrogen gas it 
moves with the great velocity of 3000 feet Along 
fluid and solid bodies, its progress is still more 
rapid. Through water it moves at the rate of 
4*108 feet in a second, through tin at the rate of 
81*15 feet, and through iron, glass, and some kinds 
of wood, at the rale of 18,530 feet. 

When a number of single and separate sounds 
fellow each other in rapid succession, they produce 
a continued sound, in the same manner as a con- 
tinuoiia circle of light is produced by whirling 
round a burning stick before the eye. In order 
that the sound may appear a single one to the ear, 
nearly sixteen separate sounds must follow one 
another every second. When these sounds are 
exactly similar, and recur at equal intervals, they 
form a musical sound. In order to produce such 
Boundt from the air, it must receive at least sixteen 
equally distant impulses or strokes in a second. 
The most common way of producing this effect is 
by a string or wire A B, Fig. 40, stretched between 
the fixed points A, B. If this string is taken by 
the middle and pulled aside, or if it is suddenly 
struck, it will vibrate between its two fixed points, 
as shown in the figure, passing alternately on each 
aide of its axis A B, the vibrations gradually dimi- 
nishing by the resistance of the air tUl the stringis 
brouglit to rest. Its vihrntions, however, may be 
kept up, by drawing a rosined fiddle-bow across 
it, and while it ia vibrating it will give out a sound 



correeponding to the rapidity of its vibratio 
arising from the successive IjIowb or jropuleea givdvl 
F.g. 4.0. 




to the air by the atring. Thia sound ia called the 
fundamental sound of the string, and its ncutenettn 
or sharpness increases with the number of vibra- 
tions which the string perforins in a second. 

If we now touch the vibrating string A' B' 
lightly with the finger, or with a feather at the 
middle point C, Fig. 40, it will give out a more 
acute but fainter sound than before, and while the 
extent of its vibrations ia diminished, their frc- 
qneacy is doubled. In like manner, if we touch 
the string A" B", Fig. 40, at a point C, so that 
A" C is one-third of A" B", the note will be still 
more acute, and correspond to thrice the number 
of vibrations. All tins might have been expected ; 
but the wondcrfiil part of the cxperimeut is, that 
the vibrating string A' B' divides itself at C into 
two parts A'C, CB', the part A'C vibrating round 
A' and C as fixed points, and the part CB' round . 
C and B , but always bo that the part A' C is au 
the same distance on the one side of the axis A'B'fl 
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SB at A m C, while the part C B is on tlie other 
aide, as at C n B. Hence the point C, being al- 
iraye pulled by equal and opposite forces, rentains 
at rest ns if it were absolutely fixed. This statiau- 
Brj point is called a node, and the vibrating Jor- 
tiona A' m C, C n B' loops. The very sanve is 
I true of the string A'' B", the points C and D 
1 TKing stationary points ; and upon the same ptin- 
dple a string may he divided into any number of 
vibrating portions. In order to prove that the 
string is actually vibrating in these equal subdivi- 
«on», we have only to place a piece of light paper 
with a notch in it on different parts of the string. 
At the nodes C and D it will remain perfectly at 
Test, while at m or n in the middle of the loops it 
■will be thrown off or violently agitated. 

The acute sonnds given out by each of the vi- 
brating portions are called harmonic sounds, and 
they accompany the fundamental sound of the 
string in the very same manner as we have already 
seen that the eye sees the accidental or hannonic 
colours white it is affected with the fundamental 

The subdivision of the string, and consequently 
the production of harmonic sounds, may be effected 
without tonching the string at all, and by means 
cf a sympathetic action conveyed by the air. If a 
string A B, for example. Fig. 40, is at rest, and 
if a shorter string A" C, one-third of its length, 
fixed at the two points A'' and C, is set vibrating 
in the same room, the string A B will be set vi- 
hrating in three loops like A'' B", giving ont the 

e harmonic sounds as the small string A" C. 

t is owing to this projierty of sounding bodies 
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that Mogera with great power of voice are ablo tw. 
break into pieces a large tumbler glass, by eingin^ 
close to it ita proper fundamental note; and it ia from 
the same Hjnipatiie tic communication of vibi 
tbat two pendulum clocks fixed to the same wall, 
or two watches lying upon the same table, will 
take the same rate of going, ibuugb tbey would 
not agree with one another if placed in separate 
apartments. Mr. EUicott eveu observed that the 
pendulum of the one clock will atop that of the 
other, and that the stopped pendulum will after a 
certain time resume its vibrations, and in ita turn 
stop the vibrations of the other pendulum, 

The productioQ of musical sounds by the vibr»-r; 
tions of a column of air in a pipe is familiar tM 
every person, but the extraordiuary mechanism by 
which it is c%cted is known princi|iaUy to philoBo- 
pbers. A column of air in a pipe may be set vi- 
brating by blowing over the open end of it, as is 
done in Pan's pipes, or by blowing over a hole in 
its aide as in the flute, or by bh^wing through aa 
aperture called a reed, with a flexible tongue, a»-, 
in the clarionet. In order to understand the ua-» 
ture of this vibration, let A B, Fig. 41, be a pipe 
or tube, and let us place in it a spiral spring A B, 
in which the coil or spire are at equal diatwiceB, 
each end of the spiral being fixed to the end of 
the tube. This elastic spring may be supposed ttt- 
represeut the air in the pipe, wliich is of eqi ' 
density throughout. If we take hold of the spri 
at m, and push the point m towards A and tow* 
B in succession, it will give ub a good idea of 
vibration of au elastic column of air. When ! 
pushed towards A, the spiral spring will be coi 
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■Hhown at m B, and in the middle of the tube it will 
have the same degree of coinpreBBion as in No. 1, 
When the string ia drawn to the other end of the 
tube B, the spring will he, as in No. 3, condensed 
«t the end B, and dilated at the end A. Now 
"when a column of air vibrates in a pipe A B, the 
■whole of it ruehcB alternately from B to A, as in 
No. 2, and from A to B as iii No. 3, being con- 
densed at the end A, No. 2, and dilated or rarefied 
at the end B, while in No. 3 it is rarefied at A and 
condeneed at B, preserving its natural density at 
the middle point between A and B. In the case 
of the spring the ends A B are alternately pushed 
outwards and pulled inwards by the spring, the 
end A being pushed outwards in Nn. 2, a ' "" 
pulled inwards, while in No. 3 A is pulled ii 
and B pushed outwards. 

That the air vibrating in a pipe is actually in the 

Btate now described, may be shown by boring small 

boles in the pipe, and putting over them pieces of 

a fine membrane, The membrane opposite to the 

KBtiddle part betweeo A and fi, where the p 
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Hie air have the greatest motion, will be via-' ^^| 
lently agitated, while at points nearer the eoUs ^^^| 
and B it will be less and less affected. ^^M 

hvt MB now suppose two pipes A B, B C, to be ^^M 
joined together as in Fig. 42, and to be separated ^H 
by a fixed partition at B ; and let a spiral spring 
be fixed in each. Let the spring A B he now 
pushed to the end A, while the spring B C is 

Ihed to C, as in No. 1, and back again, as in ^^ 
, 2, but always in opposite directions ; theii::^^! 
i obvious that the partition B is in No. I drawn ^^| 
op]Ki3ite directions towards A and towards G,. ^H 



ftod always with forces equal to each other: that 
is, when B ia drawn slightly towards A, which it 
is at the beginning of the motion, it is also 
drawn slightly towards C j and when it is drawn 
forcibly towards A, as it is at the end of the mo- 
tion of the spring, it is also drawn forcibly towards 
C. If the partition B, therefore, is moveable, it 
will still remain Rued during the opposite excur- 
sions of the spiral springs ; nay, if we remove the 
partition, and hook the end of one spiral spring 
to the end of the other, the node or point of junc- 
'im will remain stationary during the movement*.™ 
t the springs, because at every instant that point 
Kdrawn by equal and opposite forces. If Ihredf 
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four, at five spiral springs are joined in a similar 
manner, we may conceive them all vibrating be- 
tween their nudee in the same manner. 

Upon the very same principles we may conceive 
a long column of air without partitions dividing 
itself into two, three, or four amuUer columns, ca^h 
of which will vibrate between its nodes in the lame 
manner as the spiral spring. At the middle point 
of each small vibrating column, the air will be of 
itfl natural density, like that of the atmosphere ; 
while at the nodes B, &c. it will he in a state of 
condensation and rarefaction alternately. 

If, when the air is vibrating in one column in 
the pipe A B, as in Fig. 41, No. 2, 3, wc con- 
ceive a hole made in the middle, the atmospheric 
air will no( rush in to disturb the vibration, because 
the air within the pipe and without it has exactly 
the same density. Nay, if, instead of a single 
hole, we were to cut a ring out of the ])ipe at the 
middle point, the column would vibrate aa before. 
But if we bore a hole between the middle and one 
of the ends, where the vibrating column must be 
either in a state of condensation or rarefaction, 
the air must either rnah out or rush in, in order 
to establish the equilibrium. The air opposite the 
hole will then be brought to the state of the eater- 
nal air, like that in the middle of the pipe; it will 
become the middle of a vibmting column ; and the 
■whole column of air, instead of vibrating aa one, 
will vibrate as two columns, each column vibrat- 
ing with twice the velocity, and yielding harmoBic 
BDunds along with the fundamental sound of the 
whole columns, in the same manner as we have 
^already explaiued with regard to vibrating strings. 
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_ Opening other holes we may subdivide a vibrat* 
og' column into any number of tmaller vibrating 
columns. The holies in flutes, clarioaets, &c. are 
made for this purpose. When tliey are all closed 
up, the air vibrates in one column ; and by opening 
and shutting the different holes in succession, the 
mimlier of vibrating columns is increased or dimi- 
nished at pleasure, and conseijuentlj the harmonic 
unde will vary in a similar manner. 
.Curious as these phenomena are, they are still 
^d by those which are exhibited during the 
ition of solid boilies. A rod or bar of metal 
;lass may be made to vibrate either longitudi- 
laterally. 

■on rod will vibrate longitudinally, like 
of air, if wc strike it at one end in the ^-^ 
)f its length ; or rub it in tbe same directtoB 
a wetted finger, and it will admit the same 
mental note as a column of air ten or eleven 
a» long, because sound moves ao much faster 
iion than in air. When the iron rod is thus 
vibrating along its length, the very same changes 
which we have shown in Fig. 41, as produced in a 
spiral spring, or in a column of air, take place in 
the solid metal. All its jiarticles move alternately 
towards A and towards B, the metal being in the 
one case condensed at the end to which the par- 
ticles move, and expimded at the end from which 
they 'move, and retaining its natural density in the 
middle of the rod. If we now hold this rod in the 
middle, by the finger and thumb lightly applied, 
rod rub it in the middle either of A B or B C with. 
.piece of cloth sprinkled with powdered 
Kth a well-rosined fiddle-bow drawn ac 
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rod, it will divide itself into two vibratiug p 
A B, B C, each of which will vibrate, as shown in 
Fig. 42, hke the two adjacent columns of atr, the 
section of the rod, or the particles which conipoae 
that Bcclion at B, being at perfect rest. By hold- 
ing the rod ut any intermediate point between A 
and B, so that the distance from A to the finger 
and thumb ie one-third, one-fourth, one-fifth, &c. 
of the whole length A 0, and rubbing one of the 
ilivisione in the middle, the rod will divide itself 
into 3, 4, 5, &c. vibrating portions, and give out 
corresponding harmonic sounds. 

A rod of iron may be made to vibrate laterally 
or tranBvereely, by iixing one end of it firmly, as in 
A vice, and leaving the other free, or by having both 
ends free or both fixed. When a rod, fixed at one 
end and Jree at the other, is made to vibrate, its 
mode of vibrating may be rendered evident to the 
eye ; and for the purpose of doing fhisi Mr. Wheat- 
Btone has contrived a curious Inetrument, catlei 
the Kaleidop/mne, which is shown in Fig. 43. I 
Fig. 43. 
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consists of B circular base of wood AB, about ntWn 
inches in diameter aiid one inch thick, and havinf; 
four brass Bockets firmly 6sed into it at C, D, E, 
and F. Into these sockets arc screwed four vertical 
steeJ roda C, D, E, snd F, about thirteen or four- 
Uen inches long, one being a square rod, another 
a bent cylindrical one, and the other two cylindrical 
ones of different diameters. On the estremities of 
these rods are fixed Email quicksilvered glass heads. 
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either wngly ot in groups, so that ■when the iw^^ 
Btrument ie placed in the light of the Bun or in ^i^ ' 
of a lamp, bright imsigeg of the sun or candle are 
seen reflected on each bead. If any of these rods 
is set vibratisg, these luminouB images vUl fonn 
continuouH and returning curve lineg in a state of 
I constant variation, each different rod ffiying curreB 
\ of difiercnt characters, as shown in F^. 44. 

The Melodion, an instnxment of great power, 
embracing Sve octaves, operates by means of the 
vibrations of metallic rods of unequal lengths, 
fixed at one ead and free at the other *. A narrow 
and thin plate of copper is screwed to the free 
extremity of each rod, and at right angles to its 
Imgth; and ilB Burface is covered with a small 
piece of felt, impregnated wiili rosin. This narrow 
band is ptaced near the circumference of a revulv- 
ii^ cylinder, aud, by touching the key, it is made 
to dcicend till it touches the revolving cylinder, 
and gives out its smuid. lite sweetness and power 
of Ihn instrument arc unrivalled; and such is the 
cliarBCter of its tones, that persons of a nervons 
temperament are often entirely overpowered by 
itseflects. 

The vibratioDB of plates of metal or g^ass of 
varions forms exhibit a BCiies of the most extra- 
oT^KaTy phenomena, which are capable of being 
Aown by very 8imi)le means. These phenontena 
are Splayed in an infinite variety of rf^ular 
Hgutes assumed by sand or fine lycopodium pow- 
der, strewed over the surface of the glass plate. 
Id order to produce these figures, we must jiiiich 
or damp the plate at one or more places, and wheu 

■ Sw Edinhutii^ Ency duns ilia, Art. Scieaee, CuiiQsitiea 
in VoLzYi..p.5«3. 



the sand ia strewed upon its surface, it is thrownj 
into vilwatioHe by drawing a fiddle-bow c 
ferent parts of its drcumferenee. The method of 
damping or pinching plates is shown in Fig. 45. 
In No. 1, a square plate of glass A B, ground 
smooth at its edges, is pinched by the finger and 
thumb. In No. 2, a circular plate ia held by the ' 
thumb against the top c of a perpendicular rod, 
and damped by the fingers at two different points 
of its circumference. In No. 3 it is damped at 
three points of its circumference; c and d by the 
thumb and finger, and at e by preseing it against 
^ -a fixed obstacle a b. By means of a clamp like 
t No, 4, it may be damped at agreater num-j 
c of points. 

Fig. 4S. 
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If we take a iquare plate of glass, such a 
wrnln Fig- 46, No. 1, and, pinching it 
itre, draw the fiddle-bow near one of ita a 
sand will accumulate in the form of a cr 




shown in the figure, being thrown off the parts of 
the plate that are in a state of vibration, and set- 
tling in the nndee or parts which are at rest. If 
the bow is drawn across the middle of one of the 
edges, the sand will Bccumulate as in No. 2. If 
the plate is pinched at N, No. 3, and the bow ap- 
plied at F and perpendicular to A B, the sand will 
arrange itself in three parallel lines, perpendicular 
to B fourth paesing through F and N. But if the 
point N, where it ie pinched, is a little farther from 
the edge than in No. 3, the paraliel lines will 
change into curves as in No. 4. 

If the plate of glass is circular, and pinched at 
its centre, and also at a point of its circumference, 
and if the how is applied at a point 45° from the 
last point, the figure of the sand will be as in 
Fig. 4*1, No. 1. If with the same plate, similarly 
pinched, the bow is drawn over a part 30° from 
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the pinclied point of the circumference, tlie 
will form sis radii as in No. 2. When the ci 
of the plate is left free, a diflerent set of figure* ] 
is produced, as shown in No. 3 and No.4. Whett I 
the plate ia pinched near its edge, and the boV J 
appUed 45° from the point pinched, a circle of ■ 
Band will pass through that point, and two di»^ 
meteis of sand, at right angles to each other, will 
be formed as in No. 3. When a point of the ciri 
cumfcrence is pressed ngainst a fixed obHtacle, and 
the bow applied 30° from that point, the figure in 
No. 4 is produced. 

If;?. 47. 
If, in place of a 
OVET a stretched membrane, the si 
self into iigilres, even when the vibrations ai 
municftted to the membrane through the air. 
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order to make these experimentH, we muGt atretcli 
a thio alieet of wet paper, such as vegetable paper, 
over the mouth of a tumbler-glaBs will) a footstalk, 
and fix it to the edges with glue. Wheu ihe paper 
is dry, a thin layer of dry Eand is strewed upon its 
■urface. If we place this memhrane upon a table, 
aud Iwld immediately above it, and parallel to the 
membrane, a plate of glass vibrating so as to give 
any of the figures shown in Fig. 47, the saiid 
upon the membrane will imitate exactly the figure 
upon the glnss. If the glass ptate, in place of 
vibrating horizontally, ia made to vibrate in an 
iuclined pusitiou, the figures on the membrane will 
change with the inclination, and the sand will bb- 
sume the most curious nrraugemeuta. The fiy;ureB 
thus produced vary with the size of the memhrane, 
'with its material, its tension, and its shape, When 
the same figure occurs several times in succes- 
mon, a breath upon the paper will change its de- 
gree of tension, and produce an entirely new figure, 
■which, as the temporary moisture evaporates, will 
return to the original figure, through a number of 
iutermediate ones. Tlie pipe of an organ at the 
distance of a few feet, or the notes of a dutc at the 
distance of half a foot, will arrange the sand on the 
membrane into figures which perpetunlly change 
with the sound that is produced. 

The manner in which flat rulers and cylinders 
of glass perform their vibrations ia very remark- 
able. If a glass plate about twenty-seven inches 
long, six-tenths of an inch broad, and six hun- 
dredths of an inch thick, is held by the edges be- 
tween the finger and thumb, and has its lower 
near either end, rubbed with a piece of wet 



loth, eand laid iiiinn ita upper surface will arrangQ \ 

itself in parallel lines at right angles to the length 
of the plate. If the place of theBcliDea is inarked 
with a dot of ink, and the other side of the glnss 
ruler is turned upwards, and the ruler made to 
vibrate as before, tlie sand will now accumulate in 
lines inlermediate between the formerlinea, bo that 
the motions of one-half the thickneEs of the gka 
ruler are precisely the reverse of those of the c 
responding parts of the other half. 

Aa these singular phenomena have not yet hi _ 
made available by the scientific conjuror, we mnitl 
; 'be satisfied with this brief notice of them ; 
Miiere is still one property of sound, which has its 
■UDiBlogy also in light^ too remarkable to be passed 
krithout notice. This property has more of the 
Uurvellous Id it than any resnlt within the wide '■ 
HwDee of the sciences. Ivx) loud sounds may I 
mputae to produce silence, and two strpng Ittjkli^ 
nJR^ be made In produce darkness ! 
Hr Jf two equal and similar strings, or the columns 
H^ air in two equal and similar pipes, perform ex- 
Eetly 100 vibrations in n second, they will pro- 
Hnce each equal waves of sound, and these waves 
B^l conspire iu generating an uninterrupted sound, 
^■DUble of either of the sounds, heard separately.. 
^Bf the two strings or the two columns of air are: 
^■Bt in unison, hut nearly so, as in the case where 
■Ik one vibrates 100 and the other 101 times iu a 
^ncood, then at the first vibration the two sounds 
^■iill form one of double the strength of either; but 
Hbc one will gradually gain upon the other, till at 
Hbe hAieth vibration it has gained half a vibratioti 
Mb the other. At this instant the two sounds will 
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f ietlToy one attollier, and an interval of peifai^l 
■ilencc will take place. The soimd will inatantly 
commence, and gradually increase till it becomes 
loudest at the hundredtli vibration, where the two 
vibratione conspire in producing a sonnd double 
Lof either. An interval of silence will again occur 
Witt the 150th, 250th, a50th vibration, or every 
V'MCond, while a Gounil of double the strength of 
> either will be heard at the 200th, 300th, and 
400th vibration. When the uniBon ia vcrj defec- 
tive, or when there is a great difference between 
the number of vibratious which the two slringB or 
columns of air perform in a second, the successive 
Bounds and intervals of silence xeaemble a rattle. 
With a powerful organ, the effect of this experi- 
ment is very fine, the repetition of the sounds woio 
— mow — wmo — representing the double sound 
and the iaterval of silence which ariae from the 
total extinction of the two separate souuds. 

The phenomenon corresponding to tliia in the 
case of light is perhaps still more surprising. If 
a beam of red light issues from a luminous point, 
&nd falls upoa the retina, we shall see distinctly 
the luminous object from which it proceeds ; but 
if another pencil of red light isaues from another 
luminous point,^ttnyhow situated, provided the dif- 
ference between its distance and that of the other 
luminous point from the point of the retiua, on 
which the first beam fell, is the 258th thousandth 
part of an inch, or exactly twice, thrice, four times 
&c., that distance; and if this second beam falls 
upon the same point of the retina, the one light 
. will increase the inteoaity of the other, and the eye 
»:n __, twice as much light aa when it received 
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e of the beams separately. All thia it 
lore than what might be expected from oi 
jftinary experience. But if the difference in tl 
ntanccii of the two luniiuouB points is only onff*a 
mf of the 258th thousandth part of an inch, or^ 
[%■, 2\, 3ti 4i- times that distance, the one light \ 
vilt extinguish the oilier ami produce absolute 
yarhness. If the two luminous points are bO 
situated, that the difference of their ihsCances froia 
the point of the retina is intermediate between 1 
and Ij-, or 2 and 2^-, above the 258th thousandth 
part of an inch, the intensity of the eflect which 
they produce will vary from absolute darkness to 
double the intensity of either light. At 1-i, 2-tj 
3^ times, &c., the 258th thousandth of an inch, 
the intensity of the two combined lights will be 
equal only to one of them acting singly. If the 
lights, in place of falling upon the retina, fall 
upon a sheet of white paper, the very same effect 
will be produced, a black spot being produced in 
the one case, and a bright white one in the other, 
■nd intermediiite degrees of brightness in interme- 
diate cases. If the two lights are violet, the dif- 
ference of distances at which the preceding phe- 
nomena will be produced will be the 157th thou- 
mndth part of an inch, and it will he interme- 
^ate between the 258th and the ISIth thousandth 
an inch fur the intermediate colours. 
ious phenomenon may be easily shown to 
J eye, by admitting the sun's light into a dark 
a through a sinall bole about tiie 40th or 50th 
■" an inch in diameter, and receiving tlie 
a sheet of paper. If we hold a needle or 
lece of slender wire in this light, and examine 



its. shadow, Vie ehaW find thnt the Eh&dow conm^V 
of bright anil dark stripes succeeding each other 
alternately, the etripc in the very middle or asia 
of the shadow being a bright one. The rays of 
light which arc bent into the aliadow, and which 
■ loeet in the very middle of the shadow, have es.- 
E.ftCtly the EBme length of path, so that they form a 
r tudglU fringe of double the intensity of either ; but 
the Toys wliich fall upon a point of the shadow at 
a certain distance from the middle, have a differ- 
ence in the length of their paths, corresponding to 
the difference at which the tights destroy each 
ether, so that a black stripe is produced on each 
aide of the middle bright one. At a greater dis- 
tance from the middle, the difference becomes such 
as to produce a bright stripe, and so on, a bright 
and a dark stripe succeeding each other to the 
inargin of the shadow. 

The explanation which philosopliers have given 
«f these strange phenomena is very satisfactory, and 
I IDBy be easily understood. When a wave is made 
F «n the eurtace of a still pool of water, by plunging 
• a stone into it, the wave advauces along the siir- 
fece, while tbe water itself is never carried forward, 
Intt merely rises Into a height and falls into a hol- 
low, each portion of the surface experiencing aa 
elevation and a depression in its turn. Ifwe sup- 
pose two waves equal and similar to he produced 
by two separate stones, and if they reach the same 
Kpot at the ^ame time, that is, if the two elevations 
Bhould exactly coincide, they would unite their 
■" "fleets and produce a wave twice the size of either j 
lot if the one wave should be just so far before the 
" er, thai the hollow of the one coincided with 



the eleration of the other, anil tbe eleratiaa of tfce 
one with the hollow of the othn-, the two wans 
would obliterate or destroy one another, the elec- 
tion as it were of the one filling op half the hollow 
of the other, and the hollow of the one t«I:iT^ 
awBT half the elcTattnn of the other, so aa to re- 
duce the snTface to a let-el. These efftcts will be 
actually eibiliiied by throning two equal stones into 
a pool of water, and it will be seen that there are 
cntam lines of a hyperbolic fonn where the wato- 
is quite smooth, in consequence of the equal waves 
obliterating one anolher, while, in other ai^acent 
partsi, the water is raised to a height corresponding 
to both the waves united. 

In the tides of the ocean we have a fine example 
of the same jirinciple. The two immense waves 
arising from the action of the sun and moon upon 
the ocean produce our sprinj-tidea by tlieir com- 
bination, or when the elevations of each coincide ; 
and our neap-tides, when the elevation of the one 
■wave coincides with the depression of the other. If ' 
the sun and moon had exerted exactly the same 
force npou the ocean, or produced tide waves of 
the same size, then our neap-tides would have dis- 
appeared altogether, and the spring-tide woitld 
have been a wave douVile of the wave produced by 
the Bun and moon separately- An example of the 
eSect of the equality of the two waves occurs in ^^ 
"ic port of Balsha, where the tw.i waves arrive l7^^| 
kanncis of ditferent lengths, ami actually oblt^^l 
, inte each other. ^H 

I Now, as sound is prothiccd by Hndiitaliona Of ■^^ 
he air, and as light la snpitnscd to be pro- 
d by waves or undulations iu uii etherial i 
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f iSium, miing all nature, and occupying the pores 
transparent, bodies, tlie BUcccBsive production of 
eound and silence by two loud sounds, or of liglit 
sod darkness by two bright liglita, may be explained 
in the very same manner ae vie have exptaiued the 
increase and the obliteration of waves formed on 
the surface of water. If this theory of light be cor- 
rect, then the breadth of a wave of red light will 
be the 258th thouanndth part of an inch, the breadth 
pf a wave of green light the 207th thousandth part 
of an inch, and the breadth of a wave of violet 
light the 157th thougaudth part of an inch. 

I Among the wonders of modem skill, we must 
enumerate those beautiful automata by which the 
motions and actions of man and other animals have 
been successfully imitated. I shall therefore de- 
pcribc at present some of the moat remarltabls 
acouslic automata, in which the production of nj^ 
Bical and vocal sounds has been the principal obji 
of the artist. 
Many very ingenious pieces of acoustic mecha- 
nism have been from time to time exhibited in 
Europe. The celebrated Swiss mechanist, M. le 
Droz, constructed for the King of Spain the figure 
of a sheep, which imitated in the most perfect 
manner the bleating of that animal; and likewise 
the figure of a dog watching a basket of fruit, 
■which, when any of the fruit was taken away, 
never ceased barking till it was replaced. 
. The singing-bird of M. MaiUardei, which he 
exhibited iu Edinburgh many years ago, is still 
aiort^ wonderful*. An oval bos, about three inch^^ 

honiiin had [■ecn previously m 
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YAUC AN son's PI.nTK-PLAYSIl. 

BB Bet upou the table, and in an instant thtj 
lid flew up, and a bird of the size of the humming^ 1 
bird, and of the most beautiful plumage, started I 
from its nest. After fluttering its wings, it opened I 
its bill and performed four different kinds ef the 
most beautiful warbling. It then darted down into 
its nest, and the lid closed upon it. The moving 
power in this piece of mechBiitsm is aaid to have 
been springs which continued their action only 
four minutes. As there was no room within bo 
small a figure for accommodating pipes to pro- 
duce the great variety of notes which were warbled, 
the artist used only one tube, and produced all the 
variety of sounds by shortening and lengthening 
it with a moveable piEton. 

Ingenious as these pieces of mechanism are, 
they sink into insignificance when compared with 
ihe machinery of M. Vaucanson, which had pre- 
viously astonished all Europe. His two principal 
automata were the flute-player, and the pipe and 
tabor player. The flute-player was completed in 
^^36, and wherever it was exhibited it produced 
greatest sensation. When it came to Paris it 
■was received with great suspicion. The French 
ii^avans recollected the story of M. Raisin, the 
organist of Troyes, who exhibited an automalon 
player upon the harpsichord, which astonished the 
French court by the variety of its powers. The 
curiosity of the King could not be restrained, and 
in consequence of his insisting upon examining 
the mechanism, there was found in the figure a 
pretty little musician five years of age. 
natural, therefore, that a similar piece of r 
nism aliould be received with some distrust; bf 
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this feeling was soon removed by M. Vaupaneon, ' 
frho exhibited and explained to a committee nf the 
Academy of Scieuces the whole of the mechaniBiD. 
This learned bodv was a.8toniEhed at the ingenuity 
"which it displayed ; and they did not hesitate to 
state, that the machinery employed for producing 
the sounds of the flute perfurmed in the most ex- 
act manner the very operationB of the most expert 
6ute-playeT, and that the artist bad imitated the 
effects produced, and the means employed by na- 
tnre, with an accuracy which exceeded all espec- 
tation. In 1138, M. Vaucanson published a me- 
moiT, approved of by the Academy, in which he gave 
a fidl description of the maehtnery employed, and 
of the principles of its construction. Following 
this memoir, I shall therefove attempt lo give ks po- 
pular a description of the automaton as can be done 
without lengthened details and numerous figures. 

The body of the flute-player was about 5i feet 
high, and was placed upon a piece of rock, sur- 
rounding a square pedestal 4i feet high by 3J 
feel wide. When the panel which formed the 
front of the pedestal was npened, there was 
Been on the right a clock movement, which, by 
the aid of scTeral wheels, gave a rotatory motiOTi 
to a steel axis about 2^ feet long, having cranks 
at six equidistant points of its length, but lying in 
difierent direetinns. To each crank was attached 
a cord, which descended and was fixed by its other 
end to the upper board of a pair of bellows, 2i 
feet limg and 6 inches wide. Six pair of bellows 
arranged along the bottom of the pedestal were 
then wrought, or made lo blow in succession, by 
turning the. steel axis 



rTAUCANSON's FLUTS-PLATBR. ^^'fl 

At the upper face of the pedestal, and upon eacltl 
pair of bellows, is a double pulley, one of whose rimi 
is 3 inches in diameter, auU the other 14. The 
cord which proceeds from the crank coils round 
the smallest of these pulleys, aud that which ia 
fixed to the upper board of tlie bellowB goes round 
the larger pulley. . By this means the upper board 
of the bdluws is made to riae higher than if the 
cords went directly from them to the cranks. 

Round the larger rima of three of these puUej-a, 
TiK. those on the right hand, there are coiled three 
cords, which, by means of several smaller pulleys, 
' ~ minate in the upper boards of other three pair 
bellows placed on the top of the box. 
The tension of each cord when it begins to raise 
board of the bellows to which it ia attached, 
motion to a lerer placed above it between the 
and the double pulley in the middle and lower 
of the bos. The other end of this lever 
open the valve in the lower board of the bel- 
aud allows the air to enter freely, while the 
upper board ie rising to increase the capacity of the 
bellows. By this means there is not only power 
gained, in so far as the air gains easier admission 
through tlie valve, but the fluttering noieeproduced 
by the action of the air upon the valves ia entirely 
avoided, and the nine pair of bellows are wrought 
^^ixith great ease, and without any concussion or 

^^Erheee nine bellows discharge their wind into 

^Hhce diSierent and separate tubes. Each tube re- 

^^fejTes the wind of three bellows, the upper boards 

of one of the tiiree pair being loaded with a weight 

of four pounds, those of the second three pair with 
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a 'n-eiglit of two pounds, and those of the other 
three pair with no weight at all. These three tubes 
ascended through the body of the (ij^ure, and 
termiuated in three small reservoirs placed in its 
trunk. These reBervoirs were thus united into one, 
which, ascending into the throat, formed by its 
enlaj^ementtbe cavity of the myuth terminated by 
two small lips, which rested upon the hole of the 
fiute. These lips had the power of opening more 
or lesB, and by a particular mechanism, they could 
advance or recede from the hole in the flute. 
Within tbe cavity of the mouth there is a small 
moveable tongue for opening and abutting the 
passage fur the wind through the lij)9 of the 
figure. 

. The motions of the fingers, lips, and tongue of 
the figure were produced by means of a revolving 
Cjliuder, thirty inches long, and twenty-one in dia- 
meter. By means of pegs and brass staples fixed 
in fifteen different divisions in its circumference, 
fifteen different levers, similar to those in a barrel- 
organ, were raised and depressed. Seven of these 
regulated Ihe motions of the seven fingers for 
stopping the holes of the Ante, which they did by 
means of steel chains rising through the body, and 
directed by pulleys to t)ie shoulder, elbow, and 
fingers. Other three of the levers communicating 
with the valves of the three reservoirs, regulated 
the ingress of the air, so aa to produce a stronger 
or a weaker tone. Another lever opened the lips 
80 as to give a free passage to the air, and another 
contracted them for the opposite purpose. A third 
lever drew tliem backwards from tlie orifice of 
the flule, and a fourth pushed them forward. The 
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PIFB AND TABOR PLAYBR. 

laining lever enabled the tongue to stop up tl 
orifice of the flute. 

Such'ia a very brief view of the general 
niam by which the requisite motions of the flul 
player were produced. The airs vrhich it playj 
were probably equal to those executed by a living 
performer, aud its construction, as well as its per- 
formances, continued for many years to delight 
and astonish the philosophers and muaiciana of. 

Encouraged by the Buccess of this macli 
lucaneoD exhibited in 1741 other automal 
rhich were equally, if not mire, admired. One 
these was the automaton duck, which performed 
all the motions of that animal, and not only ate its 
fi)od, but digested it* ; and the other was his pipe 
and tabor player, a piece of mechanism which re- 
quired all the resources of his fertile genius. Hav- 
ing begun this machine before he was aware of its 
■peculiar difficulties, he was often about to abandon 
it in despair, hut his patience and his ingeiiutly 
combined, enabled him not only to surmount every 
difficulty, hut to construct an automaton which 
peifonned complete airs, and greatly excelled the 
most esteemed performers on the pipe and tabor. 

The figure stands on a pedestal, and is dressed 
like a dancing shepherd. He holds in one hand a 
flageolet^ and in tlie other the stick with which he 
beats the tambourin as an accompaniment to the 
airs of the flageolet, about twenty of which it is 
capable of performing. The flageolet has only 
three holes, and the variety of its tones depends 
[principally on a proper variation of the force of the 
• Ste Lrfltr XI. 
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wind, and on the different degreee with which 
orificeB are covered. Tbeae varialiona in the force 
of the wind required to be given with a rapidity 
which the car can scarcely follow, and the articu- 
lation of the tongue was required for the quickest 
notes, otherwiBC the effect was far from agreeable. 
Ab the human tongue is not capable of giving the 
requisite articulations to a rapid succession of 
DOteH, and gcnerallj slurs over one-half of them, 
the automaton was thus able to excel the best per- 
formers, as it played complete aira with articu- 
latione of the tongue at every note. 

In conHtnicting this machine M. VaucauBonob- 
■erved that the flageolet must be a most fatiguing 
instrunient for the human lungs, as the muscles of 
the cheat must make an effort equal to fifty-six 
pounda in order to produce the highest notes. A 
single ounce was sufficient for the lowest notes, so 
that we may, from this circumstance, form an idea 
of the variety of intermediate effects reqiured to he 
produced. 

Wliile M. Vaucanson was engaged in the con- 
struction of these wonderful machines. Ids mind 
was HUed with the strange idea of constructing an 
automaton containing the whole mechanism of the 
circulation of the blood. From some birds which 
he made, he was satisfied of its practicability; but 
as the whole vascular system required to be made 
of elastic gum or caoutchouc, it was supposed that 
it could only be executed in the country where the 
caoutchouc-tree was indigenous. Louis XVI. took 
a deep interest in the execution of this machine. 
It was agreed that a skilful anatoniist should pro- 
ceed to Guiana to superintend the construction of 
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pbe blood -vesgeU, and the king had not unlf 
approved of, but had given orders for, the voyage. 
Difficulties, Iiowevcr, were thrown in tlie way, 
Vaucunson became disgusted, and the echeme waji 
abandoned. 

Tbe two automata which we liave described were 
purchased by P ao B yr f Helnistadt; 

but we have n b d ab ther or not 

they still csis 

Towards th n n h century a 

and aim temp was made to 

iDBtruct a talk mui 1 year \11% 

the Imperial \ ad m S n a St. Peters- 

burg propoEcd as the subject o( one of their annual 
prizes an inquiry into the nature of the vowel sounds, 
A, E, 1,0, and U, and the construction of an inEtru- 
nient for artilicially imitating them. This prize 
was gained by M. Ktatzcnstein, who showed that 
all tlic vowels could he distinctly pronounced by 
blowing through a reed into the lower cads of the 
pi|WB of the annexed figures, as shown in Fig. 48, 




e the correeponding vowels are marked on the 
Ktent pipes. The vowel I is pronounced hj 
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C'Sierely blowing into the pijw a b, of the pi^ 
I marked I, without the use of a reed. 

About the aame time that Kratzenetein was en- 

j^edin these researches, M. Kerajielen of Vienna, 

J S celebrated mechanician, was occupied with the 

I 'i»me subject. In his iirEt attempt he produced the 

t TDwel sounde, by adapting a reed R, Fig. 49, to 




Sie bottom of a funii el-shaped cavity A B, anrl 
I, placing his hand in various positions within the 
funnel. Tliis contrivance, however, was not fitted 
for his purpose, hut after long study, and a diligent 
esamination of the orgatis of speech, he con- 
trived a hollow oval box, divided into two portions 
attached by a hinge so as to resemble jaws. This 
box received the sound which issued from the tube 
connected with the reed, and by opening and clos- 
ing the jaws, he produced the Bouiids, A, 0, O U, 
and an imperfect E, but no indications of an I. 
After two years' labour he succeeded in obtaining 
from different jaws the sounds of the consonants 
V, M, L, and by means of these vowels and con- 
sonants, he could compose syllables and words, 
Bucli as mamma, papa, aula, lama, mulo. The 
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sounds of two adjacent leltera, however, ran into 
each otiier, and an aspiration followed some of the 
consonantB; so that, instead of papa, the word 
siixmded phaa-ph-a; these difficulties he contrived 
with much labour to Burraount, and he found it 
necesBarj to imitate the human organs of speeeh 
by having only one mouth and one glottis. The 
mouth consisted of a funnel, or hell-shaped piece 
ofelastlc gum, which approximated, by its physical 
properties, to the softness and flesibilily of the 
human oi^ana'. To the mouth-piece was added 
a nose made of two tin tuhee, which communicated 
with the mouth. When lioth these tubes were 
open, and the moutli-piece closed, a perfect M i 
was produced ; and when one was closed and the' I 
other open, an N was sounded. M. Kempelen 
could have succeeded in obtaining the four leltera 
D, G, K, T, but, by using a P instead of tiiem, 
and modifying tlie sound in a particular manner, 
he contrived to deceive the ear by a tolerable 
In ae»emblance of these letters. 

■■Inhere seems to be no doubt that he at last was ] 
H^e to produce entire words and sentences, suclti 
[^ opera, aslronoiny, Constantinopolis, Vous Stet\ 
mon ami, Je vovs aime de tout mon ceeur, VmeK-i 
M-ec moi d Paris, Leopoldus secundvs, Homano-wl 
Tum imperator semper Augustus, &c.,but he never i 
fitted up a speaking figure ; and probably, froni 
being dissatisfied with the general result of big 




> Hull M. Krinpi'lea known the motlcrn i 
iiig glue any Jtntee oE sofmeas, b. 
BiM or Bugar, which ia always nb^orbiiig it 
! atmosphtw, hs ini(;hl have obtained a ' " 
itation uf the human orgaas. 
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laboiiTs, be exJiibited only to hiH private friends 
the effectH of tbe apparatus, which was fitted up 
ia the form of a bos. 

This boi was rectangular, anil about three feet 
long, and vae placed npon a table, and covered 
with a cloth. When any particular word was 
mentioned by the comjiany, M. Keropelen caused 
the machine to pronounce it, by introducing his 
faands beneath the cloth, and apparently giving 
motion tu Hume parts of the apparatus. Mr. 
Thomas Collinson, who had seen this machine in 
London, mentions, in a letter to Dr. Hutton, that 
he afterwarda saw it at M. Kempclen's own house 
in Vienna, and that he then gave it the same word 
to be pronounced which he gave it in London, viz, 
the word Exjitoilation, which, he aBBweH us, it 
again distinctly pronounced with the French 
accent. 

M. Kratzenatein seema to have been equally un- 
'Succeasfiil ; for though he assured M. de Lalande, 
when he saw him in Paris in 1186, that he bad 
made a machine which could epeak pretty well, 
and though he showed him some of the apparatus 
by which it could sound the vowels, and even such 
ayllablea as papa and mammn, yet there is no rea- 
son to believe that he had accomplished more than 
this. 

The labours of Kratzenstein and Kempelen 
have been recently pursued with great success by 
our ingenious countryman, Mr. Willis, of Cam- 
bridge. In repeating Kempelen 'a experiment, 
shown in Fig. 49, he used a shallower cavity, 
auch as that in Fig. 50, and found that he could 
entirely dispense with the introduction of the 
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_ id, and could abtain the whole Bcries of voweli 
Ipf sliding a. flat board C D over the mouth of the 
carity. Mr. Willis then couLeiud the idea of 
adapting to the reed c^hndncul tubes, whose 

feF,3 50 
lid be varied by sliding joints. 
luc vuuc was greatly leas than the length of i^ 
stopped pipe in unison with the reed, it sounded^ 1 
aud by lucreftsing the length of the tube, it gave ] 
E, A, 0, and U, in aucceBsion. But what waa 
very unexpected, when the tube was so mucli 
lengthened as to be li timea the length of a stopped 
pipe in unison with the reed, the voneU began to 
be agnin sounded in an inverted order, viz. U,0, A, 
£, and tben again in a direct order, I, E, A, O, T~ 
when the length of the tube was equal t 
that of a stopped pipe, in unison with the reed. 

Some important discoveries have been recenl^^a 
mode by M. Savart respecting the mechanism oif 
the human voioe * ; and we have no doubl that, 
before another century is completed, a Talking 
and a Sinf/ing muchine will be numbered among 
the conquests of Science. 
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Singulm- cfecti in nalure drprnJ-Fiff <m mua'/— P«rmaiHnaf 
ekaracler of tpeech— Injlutncr of grml einalioni en Ike 
churaeler oftovndi, and an Ihe pou-eri nf tpeick— Power 
afniaid in lArawmg litiBit bui/Mnsl — Dog killed i^iaund 
— Sanndi ffrtal/g changed under parlicalar cirrunalanctt 
— Great audibilitg Bfmmdi during Ihe nighl erplained — 
Souadi deailmed in media ofdiffmnl deniillei — I/luilratrd 
in lie eaie of u glau of ehampagne—and in Ikal of new 
failea mow— Remarkable ecAoa—Heverttraliom of ihun- 
der — Sublerraiiean Moita — RemarkaUt one at Ihe Sol- 
fixlerra — Echo at Ike JHemti lueperuion-iridgc — Tempo- 
rarg dmfmt pmduced in diVing-btlU — Jnaudibililg of 
porlicutar lauitdi lo parlieulnr lart — Fueal pouenofthe 
ilalue of Memnon — Seundt in granilc rtcit — Muiinal 
moualein of Et-Nahaut. 

AtTHonGH, among the phcnomenB of the mate- 
rial world, there is scarcely one which, when well 
coneidered, is not an object of. wonder, ye{ those 
which we have been accusfxinied to witness from 
our infancy lose all their interest from the frequency 
of their occurrence, while to the nstivea of other 
ries they are unceasing objects of astonish- 
and delight. The inhahitaat of a tropical 
te is confounded at the sight of falling snow, 
e almost discredits the evidence of his senses 
he sees a frozen river carrj'ing loaded wag- 
on its BUi&ce. The diffusion of knowledge 
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■)>y booka, as well as by frequent cniamunictttion 
between the DBtivea of different quatters of the 
globe, hae deprived this class of local 'wonders of 
their influence, and the Indian and the Scandina- 
vian can visit each other's lands without auy vio- 
lent excitement of surprise. Still, however, there 
are phenomena of rare occurrence, of which no de- 
scription can convey the idea, and which continue 
to be as deeply marked with the marvellous as if 
they had been previously unknown. Among these 
we may rank the remarkable modifications which 
sound undei^oea in particular situations and under 
particular circumstances. 

In the ordinary intercourse of life, we recc^ize 
individuals as much by their voice as by the fea- 
tures of their face and the form of their body^ A 
friend who has been long absent will oflen stand 
before uh as a stranger, till his voice supplies ua 
with the foil power of recognition. The brand 
imprinted by time on his outer form may have 
effaced the youthful image which the memory had 
cherished, but the original character of his voice 
and its yet remembered tones will remain uuim- 
X>aired. 

An old friend with a new face is not more com- 
mon in its moral than in its physical acceptation ; 
and though the sagacity of proverbial wisdom has 
not supplied us with the counterpart iu relation to 
the human voice, yet the influence of its immuta- 
bibty over the mind has been recorded by the poet 
in some of his most powerful conceptions. When 
Manfred was unable to recognize in the hectic 
phantom of Astarte the endeared lineaments of the 
being whom he loved, the mere utterance of his 
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name recalled " the voice which was his muri^^^ 
and invested her with the desired reality. ^^H 

I In« but in the sound— It is thy loice I ^^| 

The permanence of character tlius impresBed 
upon speech exists only in those regions to whose 
atmoHphere our vocal organs are adapted. If 
either the speaker or the hearer is placed in aii 
differing greatly in density from that to which 
they are accustomed, the voite of the one will eniit 
di&rent sounds, or the sanie sounds will produce 
a different impression on the ear uf the other. 
But if hoth parties are placed in this new atmos- 
phere, their tones of communication wiU suffer 
the most remarkahle cliange. The two extreme 
pOMtions, where such effects become sufficiently 
striking, are in the compressed air of the diving- 
bell, when it is immersed to a great depth in the 
sea, or in the rarefied atmosphere which prevails 
on the summit of the Himalaya or the Andes. 

In the region of common life, and even at the 
stillest hour of night, the ear seldom rests from its 
toils. Wlien the voice of man and the bustle of 
hia labours have ceased, the sounds of insect life 
are redoubled; the night breeze awakens among 
the tuatlii^ leaves, and the swell of the distant 
ocean, and the sounds of the falling cataract or of 
the murcanring broolt, fill the air with thdr pure 
and solemn music. The sublimit; of deep silence 
IB not to be found even in the steppes of the Volga, 

i err in the forests of the Orinoco, It can tw 

I only in those lofty regions 
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psjKs the traveller rieea above the limit of li 
motion, and enters the region of habitual aoUtude. 
the death-like silence wiiieh prevails around him is 
rendered Btill more Btriking by the diminished den- 
eily of the air which he breatheB, The voice of his 
fellow-traveller ceases to be heard even at a mode- 
rate distance, and sounds which would stun the ear 
at a lower level make but a feeble imiireBsion. The 
report of a jiistol on the top of Mont Blanc is no 
louder than that of an Indian cracker. But while 
the thinness of the air thus subdues the loudest 
tHiunde, the voice itself undergoes a singular 
change : the muscular energy by which we speak 
experiences a great diminution, and nur powers of 
utterance, as weU as our power of hearing, are thus 
singularly modified. Were the magician, therefore, 
who is desirous to impress upon his victim or up 
his pupil tlie conviction of his supernatural pow( 
to carry him, under the injunction of silence, 
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he would ejtperience httle difficulty i 
his power over the elements, and still less 
sequently communicating the same influence I 
hie companion. 

But though the air at the tops of our highest 
mountains is scarcelycapableoftransmittingaounda 
of ordinary intensity, jet sounds of extraordinary 
power force their way through its most attenuate^^ 
At elevations w' 
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^^M cannon on the aurface of the earth, and the whole 
^^H airis often violently agitated by the sound. This 
^^M fact alone may give us Eome idea of the treoiendoue 
^^H nature of the forces nhkh such explosions create, 
^^H ftnd it ia fortunate for our species that the; are 
confined to ihe upper regions of the atmosphere. 
If the B&rae esploBiona were to take place in the 
dense air which rests upon the earth, our habita- 
tions and our lives would be exposed to the moat 
imminent peril. 

Buildings have often been thrown down by vio- 
lent concnssiouB of the air, occasioiied either by 
»the Bound of great guns or by loud tliunder, and 
the most serious effects uijon human and animal 
life have been produced by the same cause. Moat 
persons have experienced the stunning pain pro- 
dnced in the ear, when placed near a cannon tliat is 
■discharged. DcafapBB lias frequently been the result 
of such sudden concussions, and if we may reason 
from analogy, death itself must often have been 
the consequence. When peace was proclaimed in 
London in 1697, two troops of horse were dis- 
mounted and drawn up in line in order to fire their 
volleys. Opposite the centre of the line was the 
door of a butcher's shop, where there was a large 
maatiffdog of great courage. This dog was sleep- 
ing by the fire, but when the first volley was fired, 
it immediately started up, ran into another room, 
and hid itself under a bed. On the firing of the 
second volley, the dog ruse, ran several times 
about the room trembling violently, and apparently 
in great agony. When the third volley was fired, 
the dog ran about once or twice with great violence 
&nd iustantiy fell down dead, throwing up blood 
£-om hit mouth and noee. 
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P where Liicji; iiic mt DV'uu uujL^^Lb ta|7a.uiciji JCIJCCL'- ^^ 
iog or modifying sound, the sportsman muet fre- ^H 
^aently bave noticed the unaccountahle variety of ^H 
Kusde which ure produced by the report of his ^^ 
fbwlin^-Diece. Sometimes thev are flat and nro- ~^H 

1 



I Sounds of known character and intensity sK^a 
often singularly changed eyen at the surface of the 
earth', according to tlie atate of the ground and the 
conditions of the clouds. On the extended heath, 
where there are no aoUd objects capable of reflect- 
Jog or modifying sound, the sportsman muet fre- 
^^aently bave noticed the unaccountable variety of j 
■soiuide which ate produced by the report of hi« I 
fowling-piece. SQmetinies they are flat and pro- ". 
longed, at other times abort and sliarp, and some- 
times the noise Is so strange that it is referred to I 
some mistake iu the loading of the gun, Tbeso 
Tariutions, however, arise entirely from the state 
of the air, and from the nature and proximity of 
the superjacent clouds. In pure air of uniform 
density the sound is sharp and soon over, as the 
undulations of the air advance without any inter- 
rupting obstaclea. In a foggy atmosphere, or 
where the vapours produced by heat are Been 
dancing as it were in the air, the sound is dull and 
prolonged ; and when these clouds are immediately 
overhead, a succession of echoes from them pro- 
duces a continued or reverberating Bound. When 
tbe French astronomers were determining the ve- 
locity of sound by tiring great guns, they observed 
that the report was always single and sharp under 
« perfectly clear sky, but indistinct, and attended 
by a long-continued roll like thunder, when a cloud 
covered a considerable part of the horizon. It ia 
no doubt owing to the same cauBC, namely, the 
reflesion from the clouds, that the thunder rolls 
through the heavens, as if it were produced by a 

(Bceession of electric explosions. 

■ The great audibihty of sounds during the ni^it 
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I IB a pbenomcnon uf considerable interest, and OBft I 
IvMcli had been obseired even by tbe ancients. In 
crowded cities or in tlieir vicinity, the eflect was 
geDerolIy ascribed to tbe rest of animBted beiiigs, 
while in locdittca where such an explanation was 
inapplicable, it was supposed to arise frau a favour- 
kbte direction of tbe prevailing wind. Baron Hum- 
boldt was particularly struck with this phenomenon, 
when he first heard the rushing of tbe great cata- 
racts of the Orinoco in tbe plain which aurrounda 
tbe Mieaion of the Apures. These souods be re~ 

f aided as three times louder during the night than 
luing the day. Some authors ascribed this fact 
to the cessation of the humming of insects, the 
RDging of birds, and tbe action of the wind on 
the leaves of the trees, but M, Humboldt jiffltly 
I that this cannot be the cause of it on the 
where the buzz of insects is much louder 
tbe night than in tbe day, and where tbe breeze 
never rises till after sunset. Hence he was led to 
ascribe the phenomenon to the perfect transparency 
and uniform density of the air, wliich can exist 
only at night after the beat of tbe grouud has been 
uniformly difliised through the atmosphere. When 
the rays of the sun have been beating on the grouud 
during the day, currents of hut air of different tem- 
peratures, and consequently of different densities, 
are constantly ascending from the ground and mix- 
ing with the cold air above. The air thus ceases 
to be a homogeneous medium, and every person 
must have observed the effects of it upon objects 
seen through it which are very Indistinctly visible, 
and have a tremulous motion, as if they were 
" dancing in the air." The very same effect ia 
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eifed when we look at objects thToiigt Bpiriti 
mud wfttei' tliat are not perfectly mised, or when 
we view distant objects over a red-hot poker or tiver 
a flame. In all these cases the light suffera refrac- 
tjon in passing from a medium of one density into 
a medium of a different density, and the refracted 
rays are constantly changing their direction as the 
different cnrrenta rise in auccesaion. Anali^ouB 
effects are produced when sound [lassea through a 
mixed medium, whether it consists of two different 
mediums or of one medium where portions of it 
have different deDsities. Ah sound moves with 
different velocities through media of different den- 
sities, the wave which produces the suimd will be 
partly reflected in passing from one medium to the 
other, and the direction of the transmission wave 
changed; and hence in passing through such m^ 
dia different portions of the wave will reach the ear 
at different times, and thus destroy the sharpnew 
and riistinctaeEa of the sound. This may be proved 
by many striking facts. If we put a hell in a re- 
ceiver containing a mixture of hydrogen gas atul 
atmospheric air, the sound of the bell can scarcdy 
be heard. During a shower of rain or of soo 
noises are ^eatly deadened ; and when sound is 
transmitted along an ilon wire or an iron pipe of 
sufficient length, we actually hear two sounds, one 
transmitted more rapidly through the solid, and 
the other more slowly throi^h the air. The same 
property is well illustrated by an elegant and easily 
repeated exjwrimcnl of Chladni's. When spark- 
iiag champagne is poured inlo a tall glass till it is 
- 'F full, the glass loses its power of ringing by a 

' £ upon its edge, and emits only a disagreeable 
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^^1 and puffy Bound. This effect will continue wl 
^^V the wine is filled with buhbles of air, or ah long 
^^^ the eServeaccnce lasts; but when the efferveecence 
^^f b^ns to subside, the sound becomes clearer and 
^^B clearer, and the glass rings 03 usual when the air- 
bubbke have vanished. If we reproduce the effer- 
vescence by stirring the champngne with a piece 
of bread, the glass will again cease to ring. The 

■ eaaie experiment will succeed with other effer- 
vescing fluids. 
The difference in the audibility of sounds that 
pass over homogeneoue and over mixed media is 
sanietimes bo remarkable as to astonish those who 
■witness it. Tbe following fact is given on the evi- 
dence of an officer who ohserred it :— When the 
British and the American forces were encamped on 
each side of a river, the outposts were so near, 
that the form of individuals could he easil; distin- 
guished. An American drummer made has appear- 
ance, and began to beat his drum ; hut thongh the 
motion of his arms was distinctly seen, not a 
single sound reached the ear of the observer. A 
coating of anow that had newly fallen upon the 
ground, and the thickness of the atmosphere, had 
conspired to obstruct the sound. An eOect the 
very reverse of this is produced by a coaling of 
glazed or hardened snow, or by an estended surface 
of ice or water. Lieutenant Foster was able to 
carry oa a conversation with a sailor across Port 
Bowen Flarhour, a distance of no less than a mile 
ttnd a quarter, and the sound of great guns has 
been heard at distances varying from 120 to 200 

I miles. Over hard and dry ground of an uniform. 

Ltdiaracter, or where a thin soil rests upon a couti- 
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■noun alratum of rock, the sovind ia heard at a. 
great distance, and hence it is the practice amnng 
many eastern trihes to ascertain the approach of 
an enemy hy applying the ear to the ground. 

Many remarkable phenomena in the natural 
world arc produced hy the reflexion and concentra- 
tion of sound. Everj- peraon is familiar with the 
ordinary echo which arises from the reflexion of 
Bound from an even surface, such as the face of a. 
wall, of a house, of a rock, of a hill, or of a cloud, i 
As sound moves at the rate of 1090 feet in a se- 
cond, and as the sound which returns to the per- ' 
son who emits it has travelled over a space equal 
to twice his distance from the reflecting sur&ce, 
the distance in feet of the body which occasionB 
the echo may be readily found by multiplying 545 
by the number of seconds whicb elapse between 
the emission of the sound and its return in the 
form of an echo. This kind of echo, where the 
same peraon is the speaker and the hearer, never 
takes place unless when the observer is imme- 
diately in front of the reflecting surface, or wheo 
a line drawn from his mouth to the flat surface ia 
nearly perpendicular to it, because in this case 
alone the wave of sound is reflected iu the very 
same direction from the wall in which it reaches it. 
If the speaker places himself on one side of this 
line, then the echo ^viU be heard most distinctly 
by another peison as far on the other side of it, 
because the waves of sound are reflected like light, 
so that the angle of incidence or the inclination aC 
which the sound falls upon the reflected surface ia 
equal to the angle of reflesion, or the inclination 
at which the sound is returned from the walL li 
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two peraoijB, therefore, 
fleeting wall, the one 

Bound emitted by the other, and obstacles may 
tervene between these two persons, so that neitner 
of ihem hears the direct sound emitted by the 
other; in the same manner as the Eame pertons 
similarly placed before a louldng-glaas would aee 
each other distinctly by reflexion, Ihongh objects 
might obstruct their direct view of eecii other. 

Hitherto we have Bupposed that there is only 
one reflecting surface, in which case there wiU 
be only one echo ; but if there are several reflect- 
ing surfaces, as is the cuse in an amphitheatre of 
mouDtaiiis, or during a thunder-storm, where there 
are several strata or masses of clouds; or if there 
are two parallel or inclined surfaces between which 
the sound can be repeatedly reflected, or if the 
surface is curved, so that the sound reSected from 
one part falls upon another part, like the sides of a 
polygon inscribed in a circle, — in all these cases 
there will be numerous echoes, which produce a 
very singular effect. Nothing can be more grand 
and sublime than the primary and secondary echoes 
of a piece of ordnance discharged in an amphi- 
theatre of precipitous mountains. The direct or 
primary echoes from each reflecting surface reach 
the ear in succession, according to their diflereot 
distances, and these are either blended with or suc- 
ceeded by the secondary echoes, which terminate 
in a prolonged growl, ending in absolute silence. 
Of the same character are the reverberated claps 
of a thunder-bolt reflected from the surrounding 
clouds, and dying away in the distance. The echo 
which is produced by parallel walls is finely illus- 
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fueled at tbe Marquis of Simonetta'e villa 
ifilan, vhich has been desrribed by Addison and 
KcjbIet, and winch we believe is that described by 
Mr. Southwell in the Philosoiihical Transactions 
fin- 1146. Perpendicular to the main body of this 
TJlla there extend two parallel wings about fifty- 
eight paces distant from each other, and the eur- 
faces of which are unbroken either with doors or 
windows. The sound of the human voice, or 
tallier a word quickly pronounced, is repeated 
kbove forty timeB, and the report of a pistol from 
fifty-sis: to aisly times. The repetitions, however, 
follow in such rapid succession that it is difficult to 
reckon them, unless early in the morning before 
tiie equal temperature of the atmosphere is dis- 
turbed, or in a calm, still evening. The echoes 
xp^eia to be best heard from a window in the 
Duin building between the two projecting walls, 
from which the pistol also is fired. Dr. Plot men- 
tions an echo in Woodstock Park which repeats 
I KVenteen syllables bv day and twenty by night. 
)kAn echo on the north side of Shipley church, in 
KBmbmx, repeats twenty-one ayllables. Sir John 
P'Serschel mentions an echo in the Manfroni palace 
at Venice, where a person standing in the centre 
of a square room about twenty-five feet high, with 
a concave roof, hears the sturop of his foot re- 
peated a great many times ; but as his posilionde- 
rialea from the centre, the echoes become feebler, 
and at a short distance entirely cease. The tamt 
phenomenon, he remarks, occurs in the large room 
of the library of the museum at Naples. M. 
■ Benefay has described, as existing near Rouen, B 
s oblique echo which is not heafd by the 
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^^B perion wlio emits the sound. A person who eings 

^^r nears only his own voice, while those who listen 

^V hear only the echo, which aometimeB seems to 

^B Bppro&cli, &nd ttt other times to recede from the 

^^^ ear ; one person hears a single BOund, another 

^^H several sounds, and one hears it on the right, and 

^^1 another on the left, the effect always changing as 

^^H the hearer changes his position. Dr. Birch has 

^^B descrihed an extraordinary echo at Rosencath, in 

Argyleahire, which certainly does not now exist. 

When eight or ten notes were playyd upon a 

trumpet, they were correctly rejieated, bnt on a 

key a third lower. After a short pause, another 

repetition of the notes was heard in a stUl lower 

tone, and after another short interval they were 

repeated in a still lower tone. 

lu the same manner as light ia always lost by 
reflexion, bo the waves of sound are enfeebled by 
reflexion from ordinary surfaces, and the echo is 
in euch cases fainter than the original sound. If 
the reflecting surface, however, is circular, sound 
may be condensed and rendered stronger in the 
Bftme manner as light. I have seen a fine ex:ample 
of this, in the circular turn of a garden wall nearly 
a mile distant from a weir across a river. When 
the air is pure and homogeneous, the rushing 
sound of the water is reflected from the hollow sur- 
face of the wall, and concentrated in a focus, the 
place of which the ear can easily discover from the 
intensity of the sound being there a masimum. A 
person not acquainted with the locality conceives 
that the rushing noise is on the other side of the 
wall. 

In whispering galleries, or places where the 
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lowest whispers are carried to dislaiiceB at wliicb ^ 
the (Urect sound is inaudible, the sound may be 
conveyed in two ways, either by repeated reflexions 
from a curved surface in the direction of the Bides 
of a polygon inscribed in a circle, or where the 
whisperer is in the focus of one reflecting surface, 
and the hearer in the focus of another reflecting 
surface, which is placed so as to receive the re- 
flected sounds. The first of these ways is exem- 
plified in the whispering gallery of St. Paul's, and 
in the octagonal gallery of Gloucester Cathedral, 
which conveys a whisper seventy-five feet across - 
the nave ; and the second in the baptistery of a 
church in Pisa, where the architect, Giovanni 
Fisano, is said to have constructed the cupola on 
purpoee. The cupola has an elliptical form, and 
when one person whispers in one focus, it is dis- i 
tinctly heard by the person placed in the other | 
focus, but not by those who are placed between 1 
them. The sound first reflected passes across the 
cupola, and enters the ears of the intermediate 
persons, but it is too feeble to be heard till it has 
been condensed by a second reflexion to the other 
fociis of ellipse. A naval officer, who travelled 
through Sicily in the year 1S24, gives an account ' 
of a powerful whispering place in the cathedral of'l 
Gii^enti, where the sligbtest whisper is carried T 
with perfect distinctness through a distance of twa I 
hundred and fifty feet, from the great western door. I 
to the cornice behind the high altar. By an ui 
fortunate coincidence, the focus of one of the r 
fleeting surfaces was chosen for the place of tha ] 
■ ^feasional ; and when this was accidentally dis- I 
I, the lorers of secrets resorted to the oth^4 



focus, and tliiiB became Acquainted witU coufessions 
of the ^avest import. This divulgence of scandal 
continued for a considerable time, till the eager 
:urioBity of one of the dilettanti was punisbed, by 
Hearing hia wife's avowal of her own infideUty. 
Tliia circumstance gave publicity to the whispering 
peculiarity of the cathedral, and the confessional 
was removed to a place of greater eecrcHy. 

An echo of a very peculiar cliaracter has been 
desciibed by Sir John Herachel in his Treatise: on 
Sound, Its produced by the suspension bridge across 
the Menai strait in Wales. " The sound of a blow 
with a hammer," says he, " on one of the main 
piers, is returned in succeauon from each of the 
cross beams which support the road-way, and from 
the opposite pier at a distance of five hundred 
Bud seventy-six feet ; and iu addition to this, the 
sound is many times repeated between the water 
and the road-way. The effect is a series of soimda 
which may he thus wriKen : the first return is 
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sharp and strong from the road-way overhead ; the 
Tattling which succeeds dies away rapidly, but the 
single repercussion from the opposite pier ie very 
strong, and is succeeded by a l^int palpitation, re- 
peating the sound at the rate of twenty-eight limcB 
in five seconds, aud which, therefore, corresponds 
to a distance of a hmidred and eigh^-four feet, or 
very nearly the dmtble interval from the road-wuy 
to the water. Thus i: appears that in the repet- 



cushion between the water and road-way, tliat frnm ' 
the latter only affects the ear, the line "drawn frum 
the auditor to the water being too oblique for 
Bound to diverge Bufficiently in^hat direction. 
olher peculiarity deserves especial notice, namely, 
tbal the echo from the opposite pier is beat lieartl 
when the auditor atanda precisely op]>oBite to the 
middle of the lireadth nf the pier, and strikes just 
on that point. As it deviates to one or the other 
side, the return is proportionally fainter, and is 
scarcely heard by him when his slatiun is a little 
beyond the extreme edge of the pier, tlioiigh an- 
other jierson, stationed (on the same side of the 
water) at an equal distance from the central point, 
so as to have the pier between them, hears it well." 
A remarkable subtetranean echo is often heard 
when the hoofs of a horse or the wheels of n 
riftge ]>ttSB over particular spots of ground, This 
sound is frequently very similar to tliat which is 
produced in passing over an arch or vault, and ii 
i commonly attributed to the e.\ietence of natural o 
y HTtilicial caves beneath. As such caves have often ij 
I been constructed in times of war as places of 
Irity for persons and property, many unavailing a 
nattempis have been made to discover hidden trea-1 
;re their locality seemed to be indicated i 
ky subterraneous sounds. But though theeO' 1 
founds are sometimea proditced by Mcavations ia 1 
e f[Tound, yet they generally arise from the natiirv J 
If the materials of which the ground ia composedfr 
lid from their manner of combination. If thftf 
Jllow of a road has been filled np with brokeol 
r with large water-worn stones, having hcUj 
i either left entirely empty, or filled up widi J 



LBTTKSS on 

materialB of difFerent deosity, then the sound will 
be reflected in passing horn the loose to the dense 
materials, and there will arise a ^eat number of 
echoes reaching the ear in rapid succession, and 
forming by their union a hollow rumbling sound. 
This principle has been very BucceBsfiiUy applied 
by Sir John Herschel to explain the subterranean 
Bouudi with which every traveller is familiar who 
has visited tlie Solfaterra, near Naples. When 
the grouad ut a particular place is struck violently 
by throwing a large stone against it, a peculiar 
hollow HOUnd is distinctly heard. This sound has 
been ascribed by some geologists to the existence 
of a great vault commimicating with tfie ancient 
seat of the volcano, by other writers to a rever- 
beration from the surrounding hills with which it 
is nearly concentric, and by others to the porosity 
of the ground. Dr. Daubcny, who Bays that the 
hollow sound is heard when any part of the Sol&- 
terra is struck, accounts for it by supposing that 
the hill is not made up of one entire ruck, but of 
a. number of detached blocks, which, hanging as it 
were by each other, form a sort of vault over the 
abyss witliin which the volcanic operations are 
going on*. Mr. Forbes, who has given the latest 
and most interesting description of this singular 
volcano +, agrees in opinion with Dr. Dauheny, 
while Mr. Scrope t and Sir John Herschel concur 
in opinion that no such cavities exist. " It eeemfl 
most probable," says the latter, " that the hollow 

• Desctiption ofVulcanoes, p. 170. 

.f. Edinburgh Journal •>/ Scirncr, N. Stnea, No. L p. 124, 
t Consideral ious on Voleanoes, and Edmburgk Jim-hoI 
./ &i™b(. No. IS. p. 261, and No. xiv. p. 265. 



UOMSNTARY 

erberation is nothing more than an asseniblage 

f partial echoes ariaing from the refiesian of suc- 

ive portions of the original Bound in its ])ro~ 

<B through tlie soil at tlie innumerable half-co- 

it aurfaces composing it: were the whole soil 

IS of gand, these reflexions would be so strong 

bid frequent as to destroy the whole impulse, in 

InD short an interval to allow of a distinguishable 

' after sound. It is a case analogous to that of a 

Btrtmg ligh t, thrown into a milky medium or smoky 

atmosphere; the whole medium appears to shine 

with a nebulous undefined light. This is to tha 

eye what such a hollow sound is to the ear*.' 

It has been recently shown by M. Savart, 

the humau ear is so extremely sensible as 1 

capable of appreciating sounds which arise froi 

^ aboat Iwertty-fmr thousand yibtaXione' 

' consequently, that it can hear a sound which 
! only the twenty-four thousandth part of a 
ind. Vibrations of such frequency afford only 
tLlhrill squeak or chirp; and Dr. WoUaston has 
D that there arc many individuals with tbeir 
.mse of hearing entire, who are altogether insen- 
nble to such acute sounds, though others are pain- 
"ally ftH'ected by them. Nothing, as Sir Joha] 
Scrschel remarks, can be more surprising than 
e two persons, neither of them deaf, the one coi 
plaining of the penetrating shrillness of a soundti 
while the other maintains there is no sound at all. 
Dr. WuUaston has also shown that this is true 
also of very grave sounds ; so that the hearhig or 
not hearing of musical notes at both extremities of 
e scale seems to depend wholly on the pitch OC, 
■ Act, Seimd, Eacjcl. Metrop. 
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freq^uency of vibration constituting the iiat«, t 
not upon the intensity ot loudDess of the naiae. 
This Section of the ear Bomctimes appears in 
ceees of common deafneis, where a, shrill tone of 
Toicti, Buch aa that of nomen uixl children, is often 
better heard than the loud and deeper tone of men. 
Dr. WoUaaton remarked, that when the mouth 
end noae are shut, the tympanum or drum of the 
ear may be so exhausted by a forcible attempt to 
take breath by the eximneion of the client, the 
preesure of the estemal air upon the membrane 
gives it such B teneion that the ear becomes insen- 
BJble to grave tones, without losing in any degree 
the perception of sharper sounds. Dr. Wollaalon 
found, that after he had got into the habit of 
making the cjcperiment, so as to be able to produce 
a great degree of exhaustion, his ears were insen- 
sible to all sounds betow F, marked by the b«M 
clef. " If I strike the table before me," says he, 
" with the end of my finger, tlie whole board sounds 
with a deep dull note. If I strike it with my nail, 
there is also at the same time a sharp sound pro- 
duced by qnicker vibrations of ports around the 
point of contact. When the car is exhausted, it 
hears only the latter sound, wilhout perceiving in 
imy degree the deeper note of the whole table. In 
the same manner, in listening to the sound of a 
carriage, the deeper rumbling noise of the body ia 
no longer heard by an exhausted ear ; but the rattle 
of a cliain or loose screw remains nt least as auditrfc 
aa before eihausliou." Dr. Wollaston suppuses 
that this excessive tension of the drum of the ear, 
when jiroduced by the compressed sir in the diving- 
bell, will also produce a corresponding deafness to 
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to}ies. This curious esperiraent 1ms been since 
made by Dr. Colladan, when ileEcending iu the 
diving-bell at Howih, in 1820. " We descended," 
BPya he, " eo slowly thtit we did not notice the 
motion of the bell ; but as soon as the bell M-aa 
iuunereed iu water, wc felt about the ears and the 
forebead a Beuse of preesure, which continued in- 
creasing during some miuuteH. I did not, however, 
experience any pain in the eara; but my compa- 
nion sulfered BO much that -we were obliged to stop 
our descent for a abort time. To remedy that in- 
convenience, the workmen instructed us, after 
having closed ournostrilB and mouth, to endeavour 
to swallow, and to restrain our respiration for soma 
moments, in order that, by this esertion, the itt- 
temal air might act on the Eustachian tube. My 
companioQ, however, having tried it, found himself 
very little relieved by this remedy. After samft 
minutes, we resumed our descent. My friend suf- 
fered considerably; he was pale; bis lips were 
totally diacoloured; his appearance was that of % 
man on the point of fainting ; he was in involun- 
tary low spirits, owing, perhaps, to the violence of 
the pain, added to that kind of apprehension wUcIi 
our situation uanvoidabty inspired. This appeared, 
to me the more remarkable, as ray case was totally 
the reverse. I was in a state of excitement 
bling the effect of some spirituous li(|uor. 
fered no pain ; I experienced only a strong pressuiBj 
round my bead, as if an iron circle lind been boi 
about it. I spoke with the workmen, and 
le difficulty in hearing them. Tliis dilficully rf' 
iring rose to such a height, that during three 
four minutes I could not hear them Bjieak. I 
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could not, indeed, hear myself apeak, tliot^ 

epoke as loudly as poBsime ; nor did even the 
great noise caused by the violence of the current 
igainat the sidea of the hell reach my ears." 

The effect thus liescribed by Dr. Colladon ia 
different from that anticipated by Dr. WoUaaton. 
He was not merely deaf to low tones, but to all 
sounds whatever; and I have found, by repeated 
experiment, that my own eara become perfectly ia- 
eeuaibleeven to the shrill tonesof the female voice, 
and of the voice of a child, when the drum of the 
ear ia thrown into a state of tenaiou by yawning, 

With regard to sounds of high pitch at the othe» 
extremity of the scale. Dr. Wollaston has met with 
persons, whose hearing was in other respects per- 
fect, who never heard the chirping of the Gryltui 
ctanpestris, which commonly occnrs in hedges 
during a summer's evetiing, or that of the hoUBe- 
cricket, or the squeak of (he bat, or the chirping 
of the common housc-sp arrow. The note of the 
tat ia a fiill octave higher than that of the sparrow ; 
and Dr. Wollaston believes that the note of some 
insects may reach one octave more, as there are 
sounds decidedly higher than that of a small pipcj 
one-fourth of an incli in length, which he conceives 
cannot he far from sis octaves above the miildle E 
of the piano-forte, " The suddenness of the tran- 
sition," says Dr. Wollaston, " from perfect hearing 
to total want of perception, occasions a degree of 
Binprise, which renders an esperiraent on this suh- 
ject with a aeries of small pipes among seyeral 
persons rather amusing. It is curious to observe 
the change of feeling manifested by various indi- 
viduals of the parly, in succession, as the soimda 
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HJI^'tappTO&ch and pbbb the limits of their hearing^ 
' Thoae who enjoy a temporary triumph are often 
compelled in their turn to acknowledge to how 
short a. distance their little Buperiority extends." 
In cnncluding his interesting paper on this subject, 
Dr. Wollaston conjecturee that animals, like the 
grjUi (whose powers of hearing ajipear to com- 
mence nearly where uura terminate), may have 
the power of hearing still sharper sounds which at 
present we do not know to esist, and tliat there 
be other insects' having nothing in common with 
UB, but who are endowed with a power of exciting, 
and a sense of perceiving vibrations which make ^^_ 
^Lso impression upon our organs, while their organs^^H 
^^Ere equally inscusihle to the slower vibrations bl^^H 
^^Brhich we are accustomed. ^^H 

With the view of studying the class of sound* '^^ 
inaudible to certain ears, we would recommend it to 
the young naturalist to e:;amine the sounds emitted 
by the insect tribe, both in relation to their effect 
3on the human ear, and to the mechanism by 
hich they are produced. The Cicadas or locusts 
a North America appear, from the observations 
if Dr. Hildreth*, to be furnished with a bagpipe 
a which they play a variety of notes. " When 
ny one passes," says he, " they make agreat noise 
tnd screaming with their air-bladder or bagpipes. 
these bags are placed under, and rather behind, 
tte wings in the axilla, something iu the manner 
hf using the bagpipes with the hags under the arms 
—I could compare them to nothing else ; and, in- 
deed, I suspect the first inventor of the instrument 
^Tjorrowed his ideas from some insect of this kind. 
• £dinburjA Journal of Se-t/ier, No. ivii, p. 1 
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Tlii^y play s variety of natta and Bounds, one 
which nuurly imitates the scream of the tree toad. 

Among the acouetic wonders of the natural 
world may beranlccd the vocal powere of the statue 
of Menmon, the son of Aurora, which modem dis- 
have withdrawu from among the fables of 
ancient Egypt. The history of this remarkable 
•tatue is involved in much obscurity. Although 
Strabo affinns that it was overturned by au earth- 
quake, yet as Egypt eshibits no traces of such a 
couvulHon, it has been generally believed that the 
statue was mutilated byCambysCB. Ph. CflHselius, 
in his dissertation on vocal or sjieaking elones, 
quotes the remark of the scholiast in Juvenal, 
" that, when mutilated by Cambyses, the statue 
which saluted both the sun and the king, afterwards 
saluted only the sun." Philostralua, iu hia life of 
Apollo, informs us, that the statue looked to the 
east, and that it spoke as soon aa the layE of the 
rising bub fell upon its mouth. Pausaniaa, who 
saw the statue in its dismantled state, says, that it 
is a statue of the sun, that the Egyptians call it 
Phamenophis, and not Memnon, and thai it emiU 
sounds I'feri/ mornijig at sunrise, which can be 
compared only to thai of flm breaking of the siring 
of tt lyre. Strabo speaks only of a single sound 
which he heard ; but Juvenal, who had probably 
beard it often during his stay in Egypt, describes 
it as if it emitted several sounds. 

Dimiilio tDs^icsB resnunnt ubi Memnone clionliE. 

Whete broken Memiiim Bounilt hia magic btringi. 

The simple sounds which issued from the statue 

vere, in the progress of time, magnified into intet- 

tligible words, and even into au oracle of seven 



^nneB, and this podigy has been rceordetl iti a 
Cireek inscription on the left leg of the etatue. But 
thoagh this new fecxilty of the coloasua was evi- 
dently ihe contrivance of the Egyptian prieaiH, yet 
we are not entitled from this to call in question the 
simple and perfectly CTedihle fact that it emitted 
EonndB, This property, indeed, it aeeias to poa- 
sesB at the preeent day; for we learn*, thai" an 
Engiiah traveller. Sir A. Smith, accompanied with 
a numerous escort, examined the etatue, and that 
at Bijc o'clock in the morning he heard very dis- 
tinctly the sounds which had been so celebrated in 
antiquity. He asserts that this sound does not 
proceed from the statue hut from the pedestal ; and 
he espresses his belief that it arises from the im- 
pulse of the air upon the stones of the pedestal, 
which are arranged so as to produce this Burpriaing 
eflect. This singular description is, to a certain 
extent, confirmed by the description of Strabo, who 
BBye, that he was quite certain that he heard a sound 
which proceeded either _/iv>m the hose, or from the 
colosBua, or from some one of the assiatants. As 
there were no Egyptian priests in the escort of Sir 
A. Smith, we may now safely reject this last, and, 
for many centuries, the moat probable hypothesis. 
The esplanation suggested by Sir A. Smith had 
heen previously given in a more specific form by 
M. Dussaulx, the translator of Juvenal. "The 
statue," says he, " being hollow, the heat of the, 
eun heated the air which it contained, and this aii^.i 
issuing at some crevice produced the sounds aTj 
' ' ;h the priests gave their own interprelatit 
ejecting this explanation, M, Langles, i 

■ Rcrne Eacj'dapMiqiie, IS21, (ume ii.p. 592. 
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dieserttttion on the vocal statue of Memiion, and 
M. Salverte, in bis woxk on the occult aeicnces, 
have ascribed the sounds entirely to Egyptian priest- 
craft, and have even gone so far as to describe the 
mechanism by which tiie statue not only emitted 
EOunds, but articulated distinctly the intonations 
appropriate to the seven Egyptian vowels, and con- 
eecrated to the seven planets. M. Langles conceives 
that the sounds may be produced by a series of 
hammeis, which strike either the granite itself or 
sonorous stones like those which have been long 
used in China formusical instruments, M. Salverte 
improves this imperfect apparatus, by supposing 
that there might be adapted to these banmiers a 
clepsydra, or water-clock, or any other instrumeijt 
fitted to measure time, and bo constructed as to 
put the hammers in motion at sunrise. Nut satis- 
fied with this supposition, lie conjectures that the 
spring of all this mechanism was to be found in 
the art of concentrating the rays of the sun, which 
was well known to the ancients. Between the lips 
of the statue, or in some less remarkable part of it 
concealed from view by its height, he conceives an 
aperture to be perforated, containing a lens or a 
mirror capable of condensing the rays of the rising 
sun upon one or more metallic levers, wliich by 
their expansion put in motion the seven hammers 
in succession. Hence he e:cplainB why the sounds 
were emitted only at BUnrise, and when the solar 
raya fell upon the mouth of the statue, and why 
they were never again heard tUl the sun returned 
to the eastern horizon. As a jiiece of mechanism, 
'is contrivance is defective in not providing for 
e change in the sun'a amplitude, which is very 
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fODBtderable even in Egypt, for as the statue and. 
the lens are both fised, and as the sounds were 
heanl at all seasuns of the year, the Bame lens 
which threw the midsummer raya of the sun upon 
the hammers could not possibly throw upon them 
his rays in winter. But even if the machinery 
were perfect, it is obvious that it could not have 
survived the mutilation of the statue, and could 
not, short of a miracle, have performed its part ia 
the time of Sir A. Smith. 

If we abandon the idea of the whole being a 
trick of the priesthood, which has been generally 
done, and which the recent, observations of Sir A. 
Smith authorize us to do, we must seek some n&r 
tural cause for the phenomena similar to that sug* 
gested by Dussauls. It is curious to obaerve h»w 
the study of nature gradiinlly dispels the conse- 
crated delusions of agce, and reduces to the level of 
ordinary facts what time had invested with all the 
chEiractera of the supernatural : and in the present 
! it is no less remarkable that the problem of 
statue of Memnon should have been first solved 
means of an observation made by a solitary tra- 
veller wandering on the banks of the Orinoco. 
The granitic rock," says Baron Humboldt, "on 
which we lay, is one of those where travellers on 
the Orinoco have beard from time to- time, towards 
ounrise, subterraneous sounds resembling those of 
the organ, The missionaries call these stones loJ:as 
de miisica. ' It is witclicraft,' said our young 
Indian pilot. We never ourselves heard these 
mysterious sounds either at Carichana Vieja or in 
.the upper Orinoco : but from information given 
fjUB by witnesses worthy of belief, the existence "'* 
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t jiheuometion thnt seeniH to depend on a certa^^ 
state of the atmosphere cannut be dented. The 
•helves of rock are full of very narrow and deep 
crevices. They are heated duriug the day to about 
50°. I often found their temperaluTe at the siir- 
lace during the night at 39°, the amrounding at- 
nioephere being at 28°. It may easily be conceived 
that the difference of temperature bet\s'een the 
bterraneons and the external air attains ita 
asimumabont aiinriae,or at that moment which 
at the same time farther from the period of the 
maximum of the heat of tlie preceding day. - May 
not theee somtda of nn organ, then, which are 
lieard when a person Bleeps upon the rock, his ear 
irotact with the stone, he the effect of a cur- 
of uir that ieaues out through the crEvioeB ? 
B not the impulse of the air against the clastic 
ipaogles of micaibat intercept the I'revices coatri- 
Wite to modify the sounds ? May we not admit 
that the ancient inhabitants of Egypt, in passii^ 
incessantly up and down the Nile, had made th« 
Mme obaervatiou on some rock of the Thebaid, 
and tliat the music of tlie rocka there led to the 
jugglery of the priests in the statue of Mcmnoti?" 
This curious case of theprod\iction of sounds in 
granite rocks at sunrise might have been regarded 
as a transatlantic wonder which was not applicable 
to Egypt ; but by a srugalar cuincLdeuce of obser- 
vation, MM. Jomard, Jollois, and Devilliere, who 
were travelling in Egypt nearly about the same 
time that M. Humboldt was traversing the wilda 
of South America, heard, at sunrise, in a mont*- 
of grtmile, situated near the centre of the 
n which the palace of Caruac stauda, a noise 



r^^aemhlhig that of n, breaking string, tlie yery e 
preesiou by wtuch PaUEanias characterizes tike 
sound in the MemiJonian granite. The travellers 
regarded these aoundB bb arising from the trans- 
ntiEeinn of rarefied air through the crevices of a 
Honorons stone, and they were of the same opinion 
nith Hmuboldl.that these Bounds might have sug- 
gested to the Egyptian priests tlu; jw/gleries of the ■ 
Memnonium. le it not strange that the Prussian 
and the French IraveUerB ohould not have gone a 
step farther, and solved the problem of two tliou- 
sand years, by maintaining that the sound of th a ■ 
statue of Memnon was itself a natural pheDomenon 
or a granite sound elicited at sunrise by the ve 
same causes which operated on the Orinoco a 
HI the temple of Camac, in place of regarding i 
as a trick in imitation of natural sounds? Itj ai * 
Humboldt suppoees, the ancient inhabiLanta of 
Egypt hail, in passing incessantly up and down 
the Nile, become familiar with the music of the 
granite rocks of the Thehaid, how could the imita- 
tion of such natural and familiar sounds be re- 
garded by the priests as a means of deceiving the 
people? There could be nothing matvelious in a 
colossal statue of granite giving out tlie very same 
sounds that were given out at the same time of the 
day by a granite rock - and in place of reckoning 
it a Biipematural fact, they could regard it in no 
other light then as the duplicalc of a well-known 
natural phenomenon. It is a mere conjecture, 
however, that such sounds were common in the 
Thebaid ; and it is therefore probable that a granite 
lOck, posseting the property of emilting sounds 
Lttt sunrise, had been discovered by the priests, who 
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were at the same time the pliilosophtrs of Egypt, 
and tlint the block had been eraployeii in tlie for- 
mation of the Meianonlan statue for the purpose 
of impressing upon it a siipemotuxal cliuracter, 
and enabling them to maiutuin their influence over 
a credulous people. 

The inquiries of recent travellers have enabled 
ua to corroborate these views, and to add another 
remarkable example of the influence of subterra- 
neouB Bounds over superstitious minds. About 
three leagues to the north ofTor in Arabia Petnca, 
is a mountain, within the bosom of which the most 
BiDgular sounds have been heard. The Arabs of 
the Desert ascribe these sounds to a convent of 
monks preserved miraculously underground ; and 
tlie sound is supposed to be that of the Nakous, 
a long narrow metallic ruler suspended horizon- 
tally, which the priest strikes with a hammer for 
the ptirpose of assembling the monks to prayer. 
A Greek was said to liave seen the mountain open, 
and to have descended into the subterranean con- 
vent, where he found fine gardens and delicious 
water ; and, in order to give proof of his descent, 
he produced some fragments of consecrated bread, 
which he pretended to have brought from the sub- 
terranean convent. The inhabitants nfTor like- 
wise declare that the camels are not only frightened 
but rendered iurioua when they hear these subter- 
raneous sounds. 

M. Seetzen, the first Etiropean traveller who 
visited this extraordinary mountain, set out from 
Wodyel Kackel on the llthof June, at five o'clock 
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K^BTter of an hour's walk they readied the foot 
of a majestic rock of hard sandstone. The mouTi« 
tain itseif was quite bare and enlirely composed of 
it. lie found inscrihcd upon the rock Beveral 
Greek and Arab names, and also some Koptic 
characters, which proved that it had been resorted 
to for centuries. About noon the parly reached 
the foot of the mountains called Nakous, where 
at the foot of ft ridge they beheld an insulated 
peaked rock. This mountain presented upon two 
of its sides two sandy declivities about 150 feet 
high, and so inclined that the white and slightly 
adhering sand which reets upon its surface is 
scarcely able to support itself; and when the 
scorching heat of the sun destroys its feeble cohe- 
Gion, or when it is agitated by the smallest motions, 
it slides down the two acclivities. These declivities 
unite behind the insulated rock, forming an acute 
angle, and, like the adjacent surfaces, they are 
covered with steep rooks which consist chiefly of 
a white and friable freestone. 

The first sound which greeted the ears of the j 
travellers took place at an hour and a quarter after J 
noon. They had climbed with great difficulty as 
far aa the sandy declivity, a height of seventy 
or eighty feet, and had rested beneath the rocks 
where the pilgriina are accustomed to Usteu to the 
sounds. 

AVhile in the act of climbing, M. Seetzen heard 
the Boimd from benenth his knees, and hence he 
yas led to think that the sliding of the sand waa 
the cause of the sound, and nut the effect of tha | 
vibration which it occasioned. At three c 
the sound became loudsr, and continued si.s. ^ 
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uutee. Olid after having ceased for tea miuutesj^fl 
was aguiD heard. The sound appeared to have the 
greattel resemblance to that of the humming-top, 
riain^ and fallinglikethatofan Eolian harp. Be- 
lieving that he had diacovered the true origin of the ' 
aouad, M. Seetzenwas aimova to repeat theexpe- 
rimeat, and with this view he uUmbed with the 
iitmoBt difficulty to the highest rocks, and, sliding 
down as fast as he could, he endeavonred, with the 
help of hie hande and feet, to set the sand in motion. 
The effect thus produced far exceeded liis expecta- 
tions, and the sand in rolling beneath him made 
BO loudanoise, that the earth seemed to tremble to 
such a degree that he Btates he should curtainl; 
have been afraid if he had been ignorant of the 

M. Seetzen throws out some conicctures re- 
specting the cause of these sounds. Does the rol- 
ling layer of sand, says be, act like the fiddle-bow, 
Tchich on being rubbed upon a plate of glaes raises 
and distributes into regular figures the sand with 
which the plate is covered? Does the adherent 
and fised layer of sand perform here the part of 
the plate of glass, and the neighbouring rocks 
that of the sounding body ? We cannot pretend 
to answer these questions, but wc trust tlut some 
philosopher competent to the task will have an 
opportunity of esamining these interesting pheno- 
mena with more attention, and describing them 
"with greater accuracy. 

The only person, so far as I can learn, who has 

visited El-Nakous since the time of Seetzen, is 

I Mr, Gray, of University College, Oxford ; but he 

B not added much to the information acquired by 
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his predecessor. During the first visit which he 
made to the place, he heard at the end of a quarter 
of an hour a low continuous murmuring sound be- 
neath his feet, which gradually changed into pul- 
sations as it became louder, so as to resemble the 
striking of a clock, and at the end of five minutes 
it became so strong as to detach the sand. Re- 
turning to the spot next day, he heard the sound 
still louder than before. He could not observe 
any crevices by which the external air could pene- 
trate ; and as the sky was serene and the air calm, 
he was satisfied that the sounds could not arise 
from this cause*. 

* See Edinburgh Journal of Science, No. xi. p. 153 ; and 
No. xiii. page 5 1 . 
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LETTER X. 

Mechanical inventions of the ancients few in number— 'An- 
dent and modern feats of strength — Feats of Eckeberg 
particularly detcribed — General explanation of ihem'-^ 
Real feats of strength pet formed by Thomas Topham — 
Remarkable power of lifting heavy persons when the lung^ 
are infa ted— BelzonVs feat of sustaining pyramids of men 
-^Deception of walking along the ceiling in an inverted 
position — Pneumatic apparatus in the foot of the house* 
fly for enabling it to walk in opposition to gravity-^De^ 
scription of the analogous apparatus employed by the gecko 
lizard for the same purpose — Apparatus used by the 
Echineis remora, or suvking-Jlsh, 

The mechanical knowledge of the ancients wa» 
principally theoretical, and though they seem to 
have constructed some minor pieces of mechanism 
■which were sufficient to delude the ignorant, yet 
there is no reason for believing that they had exe- 
cuted any machinery that was capable of exciting 
much surprise, either by its ingenuity or its mag- 
nitude. The properties of the mechanical powers^ 
however, seem to have been successfully employed 
in performing feats of strength which were beyond 
the reach even of strong men, and which could not 
fail to excite the greatest wonder when exhibited 
by persons of ordinary size. 

Firmus, a native of Seleucia, who was executed 
by the Emperor Aurelian for espouging the cause 
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Zenobia, waa celebrated for his feats of strcngth.^B 
In bis account of the lil'e of Firmus, who liveJ itt 
the third century, Vopiacua informs ub, that be 
could suffer iron to be foiled upon an anvil placed 
upon bis breast. In doing this he lay upon hia 
back, and resting hia feet and shoulders against 
some support, hia whole body formed an arch, aa 
we shall afterwards more particularly explain. 
Until the end of the sixteenth century, the exhibi- 
tion of such feats does not seem to have been 
common. About the year 1703, a native of Kent, 
of the name of Joyce, exhibited such feats of 
Btrength in London and other parts of England, 
that he received the name of the second Sampson. 
His own personal strength was very great; but he 
had also discovered, without the aid of theory, 
varioua positions of liis body in which men even 
of common strength could perform very surprising 
feate. He drew against horses, and raised enor- 
mous weights; but as he actually exhibited hia 
power in ways which evinced the enormous strength 
-'Of his own muscles, all his feats were ascribed to 
'the same cause. In the course of eight or ten 
years, however, his methods were discovered, and _ 
many individuals of ordinary strength exhibited ft J 
number of hia principal performances, though in s9 
manner greatly inferior to Joyce. ^ ^ 

Some time aflerwarda, John Charles Van Ecke-' 
berg, a native of Harzgerode, in Anhalt, travelled 
through Europe under the appellation of Sampson, 
exhibiting very remarkable examples of hia strength. 
This, we believe, is the same person whose feats 
are particularly described by Dr. Desagiiliers. He 
1 of the middle size, and of ovAvaas:^ 



r Mrength ; imd as Dr. Desaguliers was convinctj^l 
that hiH feaXs were exhibitions of skill and not of 
strength, he was deBiroua of digcoTcmig his me~ 
thoda, and with this view he went to see him, ac- 
companied by the Marcjuis of Tullibardine, Dr. 
Alesander Stuart, and Dr. Pringle, and his own 
mechanical operator. They placed tbemsclves 
round the Giemian, bo as to be able to observe ac- 
curately all that he did, and their euccess was so 
great, that they were able to perfonn moat of the 
feats the same evening by thcmeclves, and almost all 
the rest when they had provided the proper appa- 
Tatus. Dr. DesBgulieis exhibited some of the ex- 
periments before the Royal Society, and has given 
Buch a distinct explanation of the ]innctples on 
which they depend, that we shall endeavour to 
give a popular account of them. 
I 1. The performer sat upon an inclined board 
[ AB, placed upon a frame CUE, with hia feet abnt^ 





ting against the upright board C. Round his loins 

waa placed a strong girdle F G, to the iron ring of 

_ which at G was fastened a rope by means of a 

The rope passed between liis legs through 

; in the board C, and several men or two 
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faoTKB, pulliug at the other end of the rope, 
unable to draw the performer out of his place, 
haticls at G seemed to pull against the men, 
they were of no advantage to hira whatever. 
2. Another of the German fealB is sbowu in 
^^Jfig. 53. Having fised the r 



to a strong post at A, and made it pass throng a 
fised iron eye at B, to the ring in hie girdle, he 
planted his feet against the po»t at B, and raised 
himBclf from the ground hy the rope, as shown in 
the figure. He then suddenly stretched out hia legs, 
and broke the rope, fulling back on a ftather-bed 
at C, spread out to receive him, 

3. In imitation of Finnua, he laid himself down 
on the ground, aa shown in Fig. 5-1, and when an 
anvil A was placed upon his breast, a.As\a,Ti.\«.^n.- 
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roered with all hia force the piece of iron B, with a 
sledge hammer; and sometimes two emiths cut in 
two with chisels a great cold hor of iron laid upon 
the anvil. At other times a stone of huge dimen- 
eiona, half of which is shown at C, 'was laid ujKia 
hia belly, and broken with a blow of the great 
hammer. 

4. The performer then placed his shoulderB ujion 
one chair, and his heels upon another, as in Fig, 
65, forming, with his backbone, thighs, and legs, 
anarch springing from its ahutmeota at A and B. 
One or two men then stood upon hia belly, rising 
up and down while tlie performer breathed, A 
stone, one and n half feet long, one foot broad, 
and half a foot thick, was then laid upou his belly, 
and broken by a sledgehammer, an operation which 
may be performed with much less danger than 
I wien his back touched the ground as in Fig. 54. 




5. Hia nest feat was to lie down on the ground, 
as in Fig. 56 ; a man being then placed on hia 
knees, he draws his heels towards hia body, and 
raising his knees, he lifts up the man graduaUy, till 
haying brought his knees perpendicularly under 
him, as in Fig. 57, he raises his own body up, and 
placing his arms around the man's legs, he risea 
with him, and tets him down on some low table or 
eminence of the same height as hia knees, 
feat he sometimes performed with two men in plae 
of one, 




6. The last, and apparently the most wonderful, 
performance of the German is shown in Fig. 58, 
le appears to raise a cannon A placed upon 
ite, the four ropee o£ t\»c tlCt\ft^wamJ, titAVi %. 




_ e or (hain attached to hia girdle in t^e manna-l 
already described. Previous to the fixing of tiio'l 
ropes, the cannon and scale rest upon tno roUeia ' 
B, C, but when all is ready, the two rollers are 
kuoeked from beneath the scale, and the caun 
sustained by the strength of liis loing. 

The Germau also exhibited his strength in twieti- J 
ing into a screw a flat piece of iron like A, Fig. S9L.I 
He first bent the iron into a right angle as at B^* 
and then wrapping his handkerchief about its 
broad upper end, he held that end in his left hand, 
and with his right applied to the other eud, tvyistei 




aliout the angular point, as shown at C. Lord 
Tullibardine succeeded in doing the same thing', 
and even untwisted one of the irona which the Ger- 
man bad twisted. 

It would lead into details by no means popular 
were I to give a minute esplauation of the mecha- 
nical principles upon which these feats depend. A 
few general obserrations will perhaps be eufEcient 
for ordinary readers. The feats No, 1,2, and 6, 
depend entirely on the natural strength of the 
bones of the pelvia, which form a double arch, 
which it would require an immense force to break, 
by any external pressure directed to the centre of 
the arch; and as the legs and thighs are capable of 
sustaining four or five thousand pounds when they 
stand quite upright, the performer has no difficulty 
in resisting the force of two horses, or of sustaining 
the weight of a cannon weighing two or three thou- 
^•and pounds. 



The feat of the anvil is certainly a very eui,. .^ 

ing one. The difficulty, however, really consists 
in Biistaining the anvil, for when this is done, the 
efl'ect of the hammering is nothing. If the anvil 
were a thin piece of iron, or even two or three 
limes heavier than the hammer, the performer 
wuuld be killed by a few blowa ; but the blows are 
scarcely felt when the anvil is very heavy, for the 
more matter the anvil has, the greater is Ua inertia, 
and it is theleee liable to be struck out of ite place; 
for when it has received by the blow the whjle 
momentmn of the hammer, its velocity will be to 
much less than that of the hammer, as ita cjuantil^ 
of matter is greater. Wtieii the blow, indeed, is 
struck, the man feels lees of the weight of thcanvil 
than he did before, because in the reaction of tbe 
stone all the jiarts of it round about tbe liamin 
rise towards the blow. This proi>erly i" illustn' 
by the well-known experiment of laying a « 
with its ends upoD two drinking-gl^ae* full 41 
water, and striking the stick downwaidu ij 
middle with an iron bar. Tbe slick will in time** 
be broken without breaking the ^aiE«e« ot •|»illiil§ 
the water. But if the stick is »tr™J( up^iwU, m 
if to throw it up in the air, il>c gl»«»«» «»U *»e^ 
if tlie blow be strong, and if the \An^ *• »<^ **»7 
quick, the water will be spill vitbovt \»t±itit^ tb* 
glasses. , . 

When the performer supporU a pmm» -V^ '•»• 
belly as in Fig. 55. be doc. H \»y »»*•'»» vf U« 
BtroiiB arch formed by his )»cklK,i«, •»<* "« ^"*» 
of his legs and thigh.. If t»*re mmf^ f^MtJim 
them, he could bear three or fow, ^. »" *****'^ T^ 
a great etone to be broken wiih ows Ww**'' 
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A number of feata of real and extraoriliuarj- 
strength were eshibited, about a century ago, in 
Lond(ni,by ThoraBB Topbam, wbowas five feet ten 
iuchea higb, and about 31 yeara of age. He whs 
entirely ignorant of any of the methoda for niak- 
ing his strength appear more Burprising, and he 
often jwrformed by his own natural poweis what 
he learned had been done by others by artificial 
means. A diBtresaing example of this occurred in 
his attempt to imitate the feat of the German 
Sampion by pulling against horses. Ignorant of 
the method which we have alreaiiy described, he 
aeated himself on the ground with his feet against 
two Btirrupa, and by the weight of his body he 
succeeded in pulling i^inst a single horse ; but in 
attempting to pull against two boraeSj he was lifted 
out of his place, and ouc of his knees was shat- 
tered agaiiiat the stirrupB, so as to deprive hii» of 
most of the strength of one of his legs. The fol- 
lowing are the feata of real etrcngth which Dr. 
Desagtiliera saw him perform : — 

1 . Having rubbed hia fingers with coal-ashes to 
keep them from slipping, he rolled up a \ery strong 
and large pewter plate. 

»2. Having laid seven or eight short and strong 
pieces of tobacco-pipe on the first and third finger, 
he broke them by the force of hia middle finger. 
3. He broke the bowl of a strong tobacco-pipe 
placed between his first and third finger, by press- 
ing ilia fingers togellier sidewaya. 
4. Having tlinist such another bowl under his 
gBTter, his legs being bent, he broke it to pieces 
by the tendona of hia hams wilhout altering the 
bending of his leg. 
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^ 5. He lifted with his teeth, and held in a 
XDiital position far a considerable time, a table six' 
feet long, with half a hundred weight lianging at 
the end of it. The feet of the table rested against 
his knees. 

6. Holding in his right hand an iron kitchen 
poker three feet long and three inches round, he 
struck upon his hare left arm, between the elbow 
and the wriat, till he bent the poker nearly to a 
F^ht angle. 

T, Taking a similar pnker, and holding the ends 
of it in hia hands, and the middle against tlie back 
of his neck, he brought both ends of it together 
before him, and he then pulled it ahnoet straight 
again. This last feat was the most difficult, be- 
caiise the musdes which Beparste the arms hori- 
zmilally from each other are not so strong aa 
those which bring them tt^ether. 

8. He broke a rope about two inches in circum- 
ference, which was partly wound about a cylindar 
I fcur inches in diameter, haring fastened the other 
Mad of it to straps that went over his shoulder. 
P*- S- Sr. UeEuguUers aaw him lift a rolling-atone 
, tf about 8001b. weight with his hands only, atnnd- 
ii^ in a frame above it, and taking hold of a franie 
fastened to iL Heuce Dr. DeaagulierE gives the 
following relative view of the streiigtlis of indivi- 

Strength of the weakest men , 123 lbs. 
Strength of very strong men . 400 
Strengtli of Topham . . 800 
e weight of Topham was abont 200. 
f One of the moat remarkable and inexplicabl 
erimenls relatis'c to the strength of the humi 
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frame, which you have yourself seen and admin _^^ 
ie that in which a heavy man is raised with fl^" 
greatest facility, when he is lifted up the inatant 
that his own lungs and iiioee of the persons who 
raise him are inflated with air. This experiment 
WRs, I believe, first shown in England a few years 
9g0 by Major H. who saw it performed tu a. large 
party at Venice, under the direction of an oEScer of 
the American Navy. As Major H. performed it 
more than once in mj presence, 1 shall describe a» 
nearly as possible the method which he prescribed. 
The heaviest person in the party lies down upon 
two chairs, his legs being supported by the one 
and his back by the other. Four persons, one &t 
each leg, and one at each shoulder, then try to raise 
him, and they find his dead weight to be very great, 
from the difGculEy they experience in supporting 
him. When he is replaced in the chair, each of the 
four persons takes hold of the body as before, and 
the person to be hfled gives two signals by clap- 
ping his hands. . At thefirst signalhehimeelfand 
the four lifters begin ta draw a long and full breath, 
and when the inhalation is completed, or the lungs 
filled, the second signal is given, for raising the 
person from the chair. To his own surprise and 
that of his bearers, he rises with the greatest faci- 
lity, as if he were no heavier than a feather. On 
leveral occasions I have observed that when one 
of the bearers performs his part ill, hy making the 
inhalation out of time, the part of the l»udy which 
he tries to raise is left as it were behind. As you 
have repeatedly seen this experiment, and have 
performed the psrt both of the load and of the 
hearer, you can testify how remarkable the effecta 
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^ppeer to all parties, and how complete is the con- 
victioD, either that the load has been lightened, or 
the bearer strengthened by the prescribed proceaa. 
At Venice, the esperiment was performed in a 
much more imposing manner. The heaviest man 
in the party was raised and sustained upon the 
pointB of the fore-fingera of six persons. Major H. 
declared that the experiment would not aucceed if 
the peraon lifted were placed upon a board, and 
the strength of the individuals applied to the board. 
He conceived it necessary that the bearers should 
communicate directly with the body to be raiaed. 
I have not hud an opportunity of malting any ex- 
perimenta relative to these curious facts ; but whe- 
ther the general effect is an illusion, or the result 
of knowii or of new principlea, the subject merits 
a careful investigation. 

Among the remarkable exhibitions of mechani- 
cal strength and dexterity, we may enumerate that 
of supporting pyramids of men. Tliis exhibition 
ia a very ancient one. It is described, though not 
very clearly, by the Roman poet Claudian, and it 
has derived some importance in modem times, in 
consequence of its having been performed in vari- 
ouB parts of Great Britain by the celebrated tra- 
Teller Belzoni, before he entered u])on the more 
estimable career of an explorer of Egyptian an- 
tiquities. The aimplest form of thia feat cansist!^ 
in placing s number of men on each other'n 
shoulders, so that each row consists of a 
fewer till they form a pyramid terminating 

- lingle person, upon whose head a boy is b< 
times placed with his feet upwards. 
• Among the displays of mechanical dexterit 



I 



\ 



tliough not grounded on any scientific principle, 
may he mentioned tlie art of walking along the 
ceiling of an apartment with the head downwards. 
This exhibition, which we have witnesBcd in one of 
the London Tlieatres, never failed to escite the 
wonder of the audience, although the motenientB 
flf the inverted performer were not such as to in- 
spire us with any high ideas of the meehanism by 
■which they were effected. The following was pro- 
bably the method by which the performer was 
carried along the ceiling. Two paraUel grooves or 
«peningH were made in the ceiling at the same dis- 
tance as the foot tracks of a person walking or 
eand. These grooves were narrower than the human 
foot, BO as to permit a rope, or chain, or strong 
■wire, attached to the feet of the performer, to pass 
Ihrongh the ceiling, where they were held by two 
or more persons above it. In this way the in- 
verted performer might be carried along by a 
eliding or ehufiling motion, similar to that which 
is adopted in walking in tlie dark, and in which 
the feet are not lifted from the ground. A more 
Tegnlar motion, however, might be prodnced by a 
a»Hitrivnnce for attaching the rope or chain to the 
■sole of the foot, at each step, and subsequently 
detaching it. In this way, when the performer is 
-puUed against the ceiling by his left foot, he would 
lift his right foot, and having made a step with it, 
and planted it against the grooves, the rope would 
he attached to it, and when the rope was detached 
■from the left foot, it would make a similar step, 
■while the right foot was pulled against the ceiling, , 
These effects might be facilitated and rendered 
aiore natural, by attaching to the body or to the 
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Veet of Uie performer strong wiree invisible to ihs 
nudience, and by using friction wheels, if a sliding 
motion only is required, 

A more scientific method of waUuDg upon the 
ceiling is suggested by those beautiful pneumatic 
contrivftDces by which iueects, fishes, and even 
some lizards are enabled to sapport the weight cif 
their bodies against the force of gravity. The 
house-fly is well known to have the power of walk- 
ing in an inverted position upon the ceilings of 
rooms, .as well as upon the smoothest surfaces. In 
this case the dy does uot rest upon its legs, and 
must therefore adhere to the ceiling, either by 
some glutinous matter upon its feet, or by the aid 
of some apparatus given it for that purpose. In 
eiamining the foot of the fly with a powerful 

'cToscope, it is fouud to consist of two i 
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cavities, ae shown in Figs. 60 and 61, tlie first of 
which is copied from a drawing by G, Adams, pub- 
lished in 1746, and the second by J. C. Keller, a 
painter at Nuremberg, who drew it for a work 
jjublished in 1766. The author of this work main- 
tains that these concavities are only used when the 
fly moves horizontally, and that, when it moves 
perpendicularly or on (he ceiling, they are turned 
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up out of the way, and the progressive motion 
is effected by fising the clavis shown in the 
figure into the irregularities of the surface upon 
which the fly moves, whether il is glass, porcelain, 
or any other substance. Sir Everard Home, how- 
ever, supposes, with great reason, that these con- 
cave surfaces are (like the leathern suckers used 
by children for lifting stones) employed to form a 
vacuum, so that the foot adheres as itwere by suc- 
tion to the ceiling, and enables the insect to sup- 
port itself iu aninverteA'eosi.tiiii^. 



POOT OF THB HOUSB-FLY. 

This conclusion SirEverard has been led to draw ] 
iioni an esamioatioD of the foot of the Lacerta 
Gecko. Sir Joseph Banks had mentioned to liioi 
in the year 1815, that this lizard, which is a native 
of the island of Java, comes out in the evening 
from the roofs of the houses, and walks down the 
smooth hard-poliehed chunani walk in search of 
the flies which settle upon them, and which are its 
natural food. When Sir Joseph was at Batavia, 
he amused himself iu catching this lizard. He 
Gtood close to the wall at some distance (rom the 
animal, and by suddenly scraping the wall with 
a long flattened pole, he was able to bring the i 
animal to the ground. J 

Having procured from Sir Joseph a very large I 
specimen of the Gecko, which weighed 5f ounces 1 
avoirdupois. Sir Edward Home was enabled to 
ascertain the peculiar mechanism by which the 
feet of this animal have the power of keeping hold 
of a smooth hard perpend icidar wall, and carry up 
80 heavy a weight as that of its body. 

The foot of the Gecko has five toes, (as shown 
in Fig. 62,) and al the end of each of them, 



except the thumb, is a very sharp and highly 
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curved daw. Ou the iinder Eurface of each taeum| 
■ixtcen tianeverse alita, leading to as mmiy cavitia 
or poeketR, tlie depth of which is nearly equal to 
the length of the slit that forms the suiiace. 

Tliia Btnicture is ehown in 
Figs, 63 and 64, the former 
representing the under sur- 
face of one of the toes of the 
natural size, and the latter a. 
toe dissected and highly mag- 
nified, to show the appear- 
ance of the cavities in its un- 
der surface, their fringed ei^, 
the depth of the cavities, and 
the small tnusclee by which 
they are drawn open. The 
edge of the pockets or cavities 
is composed of rowe of a beau- 
tiful fringe which are applied 
to the Burfece on which the 
animal walka against gravity, 
while the pockets themselves 
are pulled up hy the muscles attached to them, so 
as to fonu the cavities into suckers. 
I This structure Sir Everard Home found to bear 
I a considerable resemblance to that portion of the 
bead of the EcJdncis Remora, or sudting-fish, by 
which it attaches iteelf to the shark, or the bottoms 
of ships. This apparatus is shown in Fig. 65 : it 
is an oval form, and is surrounded by a broad 
loose moveable edge, capable of applying itself 
closely to the surface on which it is set. It con- 
Bists of two rows of cartilaginous plates connected 
hy one edge to the surface on which they are 
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placed, the other, on the exteiiial edge, beii 
Bcrrated like that in the cavities of the feet of the* 
Gecko. The two rows are separated by a thin 
ligamentous partition, and the plates, being raised 
or depressed by the voluntary muscles, form bo 
I iijany vacua, by means of which the adliesion of 
is effected. 







These beautiful contrivances of Divine Wisdom 
cttunot fail to arrest the attention and excite the 
admiration of the reader ; but though there can be 
little doubt that they are pneumatic suckers wrought 
by the voluntary muscles of the auimals to which 
they belong, yet we would recommend tlie farther 
examination of them to the attention of those who 
e good microscopes at their commantl. 
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I Mechanical aulomalae/llieaiicitMi — Moving Iripodt — Aula- 
mala of Dtrtla/ui— WmHoi pigtan <•/ Jieliylai—AHlimalic 
elocJi 0/ Charlemagnt—AuloBiala made by Turritmui fir 
CAhtIu f. — Camiu't imluvialic carriage moJc for Louit 
XI F. — Degennet'i mecAoHical peaeoct — FaMcaniBii'M duck 
vhich ale and digeiled ilifiod — Du Moulin' t aulemata^ 
Baron KemptletCi auloialiin eAeit-playrr — Drtacing end 
vjriling aulotnala — Mail/ardeft coiv'anr — Ben'fli derived 
from Iht paiiioa fir aulomala—ExnmpIri of tconderfui 
machinery^ for uttfui pitrposet— Duncttn'i tambouring 
maoAiiterj — H'alt'i ilalae-lyming mac/tinrry — Babbage't 
caicutating rnttefiinerg^ 

Wb liBve already seen that the ancients had at- 
tained Bome degree of perfection in the construction 
of automata or pieces of mechanisin which imitated 
the movementa of man and the lower animala, The 
tripods, which Homer* mentions as having been 
conatructed by Vulcan for the hanqneting-hall of 
the gods, advanced of their own accord to the table, 
and again returned to their place. Se.lf-moving 
tripods are mentioned by Aristotle; and Philoatra- 
tus informs us, in his life of Apollonius, that this 
philosopher saw and admired similar pieces of 
mechanism among the sagea of India. 

DffidaluB enjoys also the reputation of having 

conetructed machines that imitated the motions w4 

• Iliad, lib, xviii. 373— are. 



the human body. Some of his statues are said 
have moved about apontaneously ; aud Plato, Aris- 
totle, and othera have related that it waa necessary 
to tie them, in order to prevent them from running 
away. Acistotle speaks of a wooden Venus, which 
moved about in consequence of quieksilver being 
poured into its interior ; but Callistratua, the tutor 
of Demosthenes, states, with some probability, that 
the statues of Decdalus received their motion from 
the meciianical powers. Beckmaan is of opinion 
that the statues of Dtedalus differed only from 
those of the early Greeks and Egyptians in having 
their eyes open and their feet and hands free, and 
that the reclining posture of some, and the attitude 
of others, " as if ready to walk," gave rise to the 
esa^eration that they poaaessed the power of loco- 
motion. This opiuioii, however, cannot be main- 
tained with any show of reason ; for if we apply 
such a principle in one case, we must apply it in bD, 
and the mind would be lefr in a state of utter scep- 
ticism respecting the inventions of ancient times. 

We are informed by Aulus Gellius, on the autho- 
rity of Favorinus, that Archytas of Tarentum,who 
flourished about four hundred years before Christ, 
constructed a wooden pigeon which was capable 
of flying. Favorinus relates that, when it had 
once alighted, it could not again resume its flight ; 
and Aulus Gellius adds, that it was suspended by 
balancing, and animalcd by a concealed aura, or 

Among the earliest pieces of modern mechanism 
was the curious water-clock presented to Charle- 
magne by the Kaliph Harun al Raschid. In the, 
dial-plate there were twelve small windows cc """ 
aponding with the divisioiia ol l.\«.\uivn%. '\^os.'' 
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iilicaled by the opening of the windom^ 
whicli let out little metallic balls, which struck the 
hour by falling upon a. brazen bell. Tliedoore con- 
tinued open till twelve o'clock, when twelve little 
knights, mounted on horseback, came out at the 
BUQeiiiEtBut,aud after parading round the dial, shut 
.nil the windows, and returned to their apartraenta". 

The nest automata of which any distinct account 
has been preserved are those of the celebrated John. 
Muller, Itegiomontanns, which have been men- 
tioned hy Kircher, Baptiata Porta, Gassendi, Lana, 
smd Bishop Wilkins. Tbia philosopher is said to. 
have constructed an artificial eagle, which flew ta 
meet the Emperor Maximilian wbeu he arrived 
Nuremberg OR the 7lhJune, 1740. After soarii 
aloft in the air, the eagle is stated to haye met ti 
Emperor at some distance from the city, and to hv/S 
returned end perched upon the town gate, where it 
waited bis agiproacb. Wlien the Emperor reached' 
the gate, the eagle stretched out its wings, uiid 
saluted him by an inclination of its body. Mullet 
i» lilKwi8e reported to have constructed an iron fly, 
which was pat in motion by wheel-work, and which 
flew about and leapt upon the table. At an enter- 
tainment given by this pbilnaopber to some of hi* 
&iniliar friendsj the fly flew from bis hand, and 
after performing a considerable round, it returned 
agaiu to the hand of its master. 

The Emperor Charles V., after his abdication of 
the throne, amused himself in his later years with 
automata of various kinds. The artiat whom he 
employed was Janellua Turrianua of Cremona, 
wag bis custom afler dinner to introduce upon 
table ligurcB of armed men aod horses. Some' 
* Annslea LoieWutn, Kana &Q7. 



vta_ 




S AUTOMATA. 23?! 

tibeee beat drums, others played upon Jlutes, while | 
a third set attacked each otJier with spears. Some- 
times he let fly wooden sparrowe, which flew hack 
again to their nest. He also exhibited com- 
mills BO extremely small that they could be cwi- 
cealed in a glove, yet sd powerful that they could 
grind in a day as much com as wovdd supply eia;ht 
men with food for a day. 

The next piece of mechanism of sufQcieat iute- 
reat to merit onr attention is that which wae made 
by M. CamuB, for the amusement of Louis XJV. 
when a child. It consisted of a small coach, which 
was drawn by two horses, and which contained the 
figure of a lady within, with a footman and page 
behind. When this maehiue was placed at the 
extremity of a table of the proper size, the coach- 
man smacked his whip, and the horeea uietantly set 
ofl', moving their legs in a natural maimer, and 
drawing the coach after them : when the coach 
reached tlie opposite edge of the table, it tunied 
sharply at a right angle, and proceeded along the 
adjacent edge. As soon as it arrived opposite the 
place where the king sat, it Btop]jed ; the page 
descended and opened the coach-door ; the lady 
alighted, and with a curtsey presented a petition, 
which she held in her hand, to the king. A&er 
waiting some time she again curtsied and re-en? 
tered the carriage, 'file page closed tbe door, and 
having resumed his place behind, the coachman 
whipped his horses and drove on. The footman, 
who had previoueiy ahghted, ran after the CBrriag^ 
and jumped up behind into his former place. . 

Not content with imitating the movements ofJ 
nmals, the mechanical genius of the ITlh and 18t^ 
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cenlUTies ventured toperfurra by wheels and pioii 
the fiiuctions of vitality. We sre infonned by M. 
Lobat, that Gen, Degennes, a. French officer who 
defcaded thecolony of Si, Christopher's against the 
EngliBh forces, constructed a peacock, wlucli could 
walk about as if alive, pick up grains of com from 
the ground, digest them as if they liad been Bub- 
mitted to the action of the stomach, and afterwards 
dischaige them in an altered form. Dcgcnnes is 
said to have invented various machines of great use 
in navigation and gunnery, &nd to have constructed 
clocks without weights or springs. 

The automaton of Degennea probably suggested 
to M. Vaucanson the idea of constructing hia cele- 
brated duck, which excited so much interest 
throughout Europe, and which was perhaps the most 
wonderful piece of mechanism that was ever made. 
Vaucansou's duck exactly resembled the living ani- 
mal in size and appearance. Itexecuted accurately 
ftll its movements and gestures, it ate and drank witn 
avidity, performed ail the quick motions of the head 
and throat which are peculiar to tlic living animal, 
and like it, it muddled the water which it drank 
with its bOl. It produced also the sound of quack- 
ing in the most natural manner. In the anatomi- 
cal structure of the duck, the artist exhibited the 
highest skill. Every bone in the real duck had its 
representative in the automaton, and its wioga were 
anatomically exact. Every cavity, apophysis, a^d 
curvature was imitated, and each boue executed ita 
proper movements. When com was thrown down 
before it, the duck stretched out its neck to pick it 
tip, it swallowed it, digested it, and discharged it, in 
B digested condition. The process of digestion waa 
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■effected by cliemical solution, and not by tritura- 
tion, and the food digested in the Btomach was con- 
veyed away by tubes to tbe place of its discharge. 

The automata of Vaucanson 'were imitated by 
one Du Moulin, a Bilversmith, who travelled with, 
ihem through Germany in ITSS, and who died at 
Moscow in 1765, Beckmann informa ub that he 
saw several of them after the machinery had been 
deranged ; but thai the artificial duck, which he 
regarded as the most ingenious, was still able to 
cat, drink, and move. Its ribs, which were made 
covered with duck's feathers, and the 
.motion was communicated through the feet of the 
^,uck by means of a cylinder and fine chains like 
'at of a watch. 

Ingenious as all these machines are, they sink 
into insignificance when compared with the automa- 
ton chcEH-player, which for a long time astoniBhed 
and delighted the whole of Europe. In the year 
1769, M. Kempelen, a gentleman of Preaburg in 
Hungary, constructed an automaton chess-player, 
the general appearance of which is shown in the 
annexed figures. The chess-player is a figure as 
large as hfe, clothed in a Turkish dress, sitting be- 
hind a large square chest or box, three fret and a 
half long, two feet deep, and two and a half high. 
The machine runs on casters, and is either seen on 
the 0oor when the doors of the apartment are thrown 
open, or is wheeled into the room previous to the 
commencement of the exhibition. The Turkish 
chess-player sits on a chair fixed to the square chest : 
his right arm rests on the table, and in the left he 
holds a pipe, which is removed during the game, a» 
it is with this hand that he makes the moves. & 
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Tlie cxUibitor Iheii announces tii the apectatora his 
1 of Bhowing theni the mechanism of the 
autoraatOQ. For this purpoae he unlocks the door 
A, Fig. 66, mid expoBea to view a small ciiphoaTcI 
linedwtth black or dark coloured cloth, and con tain- 
ii^ cylinders, levers, wheels, pinions, and different 
pieces of machinetj-, which liat'e the appearance 
of occupying the whole epace. He nest opens the 
door B, Fig. 67, at the back of the same cupboard, 
and holding a lighted candle at the opening, hestill 
further displays the enclosed machinery to the spec- 
tators, placed in front of A, Fig- 66. When (he 
caniileis withdrawn, the doorBisthenlocked; and 
the exhibitor proceeds to open the drawer G G, 
Fig. 6G, in front of the chest. Out nf this drawer 
he takeaaBniallbos of counters, n set of chess-men, 
and a cushion for the suppoTt of the automaton's 
arm, as if this was the sole object of the drawer. 
I The two front doors C C, of the lai^ cupboard, 
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CLTB then opened, and at the back-dnov £ 
the Baine cupboard. Fig. 61, the exhibitor applit 
lighted candle, aa before, for the ]i«Tpo8e of showiny J 
lis interior, which is lined with dark cloth like tha | 
other, and contains only a few pieces of machinery. 
The clicat is now wheeled round, as in Fig. 67 : the 
garments of the figure are lifted up, and the door 
E ill the trunk, and another donr F, in the thigh, 
are opened, the doora B and D having been previ- 
ously closed. When this exhibition ofthe interior of 
theniachineie over, thechest is wheeled back iutfi its 
original position on the floor. The doors A, C, C, 
in front, and the dravrer O, G, nre closed and looked, 
and the exhibitor, after occnpying himself for eome 
time at the back of the chest, as if he were adjast~ 
ing the mechanism, removes the pipe from the 
hand of the figure, and winds up the machinery. 

The automaton is now ready to play, and when 
an opponent has been found among tlie company, 
the figure takes the first move. At every move 
made by the automaton, the wheels of the machine 
ore heard in action ; the figure moves its head, and 
seems to look over every part of the chess-board. 
Wheu it gives cheek to its opponent, it shakes its 
head thrice, and only licice when it checks the 
queen. It likewise shakes its head when a fidie 
niove is made, replaces the adversary's piece on 
the square from which it was taken, and takes the 
nest move itaelf. In general, though not always, 
the antomaton wins the game. 

During the prop;re*s of the game, the exhibitor- 1 
often stands near the machine, and winds it up like 1 
a clock, after it haamade ten or twelve move 
other times he went to a comer of the rooir 
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re to consult a small square bos, which etood 
open for tliis purpose. 

The chesB-playing machine, as thus deecribed, 
was exhibited after its completion in Presburg, Vi- 
enna, and Piiris,to thouaands, and in 1783 and 1784 
it was exhibited in London and different parts of 
England, without the Becret of its movements having 
been diHCovercd. Its ingenious inventor, who was 
a gentleman and a man of education, uever pre- 
tended that the automaton itself really played the 
game. On the contrary, he distinctly stated, " that 
the machine was a bagatelle, which was not without 
merit in point of mechanism, but that the effects of 
it appeared so marrelloua only from the buldaesa 
of the conception, and the fortunate choice of the 
methods adopted for promoting the illuaion." 

Upon considering the operations of this automa- 
ton, it must have been obvious that the game of 
chess was performed either by a person enclosed 
in the chest, or by the exhibitor himself. The 
first of these hy]»theBe8 was ingeniously excluded 
fcy the display of the interior of the machine, for 
aa every part contained more or less machinery, 
thespectatorinvariably concluded that the smallest 
dwarf could not be accommodated within, and this 
idea was strengthened by the circumstance, that 
no person of this description could be discovered 
in the suite of the exhibitor. Hence the conclusion 
was drawn, that the exhibitor actuated the machine 
either by mechanical means conveyed through its 
feet, or by a magnet concealed in the body of the 
exhibitor. That mechanical communication was 
not formed between the exhibitor and the figure, 
was obvious &om the fact, that no such communis 
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'cation waa visible, and that it was not necessary 
to place the machine on any particular part of the 
floor. Hence the opinion became very prevalent 
that the agent was a magnet ; but even this sup- 
position was excluded, for the exhibitor allowed & 
strong and well-armed loadstone to be placed upon 
the machine during theprogressof thegame. Had 
the moving power been a magnet, the whole actioa 
of the machine would have been deranged by the 
approximation of a loadstone concealed in the 
pockets of any of the spectators. 

As Baron Kempelen himself had admitted that 
there was an illusion connected with the perform- 
ance of the automaton, various persons resumed 
the original conjecturcj that it was actuated by a' 
person concealed in its interior, who either played 
the game of chess himself, or performed the moves 
which the exhibitor indicated by signals. A Mr. 
J, F. Freyhere, of Dresden, published a book on- 
the subject in 1789, in which he endeavoured to 

• explain, by coloured plates, how the effect was pro- 
duced ; and he concluded, " that a well-taught boyj 
very thin and tnll of his age, (sufiicjeutly so thaH 
he could be concealed in a drawer almost imme* > 
diately under the chesB-board,) agitated the whole." 
In another pamphlet, which had been previotialy 
published at Paris in 1 185, the author not only 
supposed that the machine was put in motion by b 
dwarf, a famous chess-plajer ; but he goes so far 
as to explain the manner in which he could b^ 
accommodated within the machine. The invisi- 

I bility of the dwarf when the doors were opened 
aplaiued by his legs and thighs being con* 
;wo hollow cylinders, while the teat ' 
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hiB body was out of the bos, aod hid by the pi 

coals of the Butomaton. When the doors were 

abut, ihc clacks produced by tb« swivel of a 

ratchet-wbeel pcnnitted tbe dwarf to change hia 

])lBCe, and return to the bos unheard; and while 

L the macbine Ih wheeled about the room, the dwarf 

I liad an opportunity of shutting the trap through 

I ■which he paeHed into the machine. The interior of 

' the figure wbb nest ehown, and the spectators were 

satisfied that tiie box contained no living agent. 

Although these viewB were very plaimible, yet 
they were never generally adopted; and when the 
automaton wbh tahibited in Great Britain in 1819 
and 1820, by M. Maelzel, it excited as intense an 
intereet as when it was first produced in Germany, 
There can be little doubt, however, that the secret 
has been discovered ; and an anonymous writer 
has shown in a pamphlet, entitled " An attempt 
to analyne the Arilomaton Ckess-fluyer of M. 
Kempelen," that it is capable of accommodating 
an ordinary sized man ; and he has esplained in 
the clearest manner how the enclosed player takes 
all the different positions, and performs all the 
motions which are neccEsary to produce the effects 
actually observed. The following is the substance 
of his observations : — - 

The drawer G G when closed does not estend to 
the back of the chest, but leaves a space O, behind 
it, (see Figs. 74, T5, and 16,) fourteen inches broad, 
wght inches high, and three feet eleven inches long. 
iTtis space ia never e-tposed to the view of epecta- 
tora. The small cupboard seen at A is divided into 
two parts, by a door or screen I, Fig. 73, which 
if moveable upon a binge, and ie so constructed 



iliitl il closes at the same instant that B is closed. 
The whole of the irout comportment ae far as 1 ta 
occupied with the macliinerj' H. The other oom- 
jiaitDient behind I is empty, and coramunicatea 
ivith tlie apace O behind the drawer, the floor of 
this division being removed. The back of the great 
Clipboard C C is double, and the part PQ, to which 
the i|iiadiai)ts are attached, movoe on a joint Q, at 
the upper part, and furms when raised an opening' 
S, betweeu the two cupboaida, by carryii^ yiilh tt 
part of the partition R, which consietE of cloth 
tiglitly Btretched. The false bac^ ia shown cluii^ 
in I'ig. 74, while Fig. 75 shows the same back 
raisud, so as to form the opening S between thai 
chambers. ^ 

When the spectator is allowed to look into thd' 
trunk of the Sgnrc by lifting up the dress, as in, 
Fig. 15, it will be observed that a great part of the 
space is occupied by an inner trunk N, Figs. 7J^ 
16, which passes ott to the hack in the form of au 
ftrch, and conceals from the spectators a portion of 
the interior. This inner trunk N opens and com- 
municates with the chest by an aperture T, F^. 
77, about twelve inches broad and fifteen high. 
When the false back is raised, the two cupboatds, 
Ihe trunk N, and the space O heliind tlii: drawer, 
are all connected together. 

The construction of the ioterior being thus nn- 
derstood, the chess-player may be introduced into 
the cheat through the sliding panel U, Fig. 74. He 
n'ill then raise the false back of the large cupboard* 
4tiid assume the position represented by the shaded 
'|ure in Figs. 68 and 69. Things being in th'- 

ate, the eshihitor is ready to begin his process 
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^^H deception. He firet opens the door A of the small 

^^H cuphoftrd, and from the crowded and very ingenious 

^^M disposition of the machinery <A*ichin it, the eye is 

^H Hy.CS. F.3.C0. 



unahle to penetrate far beyond the opening, and 
the spectator concludes, without any hesitation, that 
the whole of llie cupboard is filled, as it appears to 
be, with similar machinery. This false conclusion 
is greatly corroborated by observing the glimmer- 
ing light wliicb plays among the wheel-work when 
the door B is opened, and a candle held at the 
opening. This mode of eshihiting the interior of 
the cupboard satisfjes the spectator also, that no 
opaque body, capable of holding or conceahng any 
of the parts of a hidilen agent, is interposed be- 
tween the light and the observer. The door B is 
BOW locked and the screen I closed, and as this is 
done at the time that the light is withdrawn, it will 
■wholly escape observation. 

The door B is bo coOBtnicted as to close by its 

own weight, hut as the head of the chess-player 

will soon bo placed very near it, the secret would 

be disclosed if, in turning round, the chest door 

'ould by any accident fly open. This accident i» 
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^prevented by turning the key, and, lest this little 
circumstance should excite notice, it would probB- 
bly be regarded as accidental, as the keys were im- 
mediately wanted for the other locks. 

As aoon as the door fi is locked, and the ecreea 
I closed, the Bccret is no longer espoaed to hazard, 
and the exhibitor proceeds to lead the minds of the 
spectators still farther from the real state of things. 
The door A is left open to confirm the opinion that 
no person is concealed within, aod that nothing 
can lake place in the interior without being ob- 
served. 

The drawer G G is now opened, apparently for 
the pur|)OBe of looking at the chess-men, cushion 
and counters, which it contains ; but the real ob- 
ject of it is to give time to the player to change hia 






position, as shown in the annexed figure, and to 
replace the false back and partition preparatory to 
the opening of tlie great cupboard. The chess- 
player, as the figure shows, occupies with his body 
the back compartment of the small cupboard, whiloj 
his legs and tliighs arc contained in the space O, 
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heliind the drawer G G, his body being concejileil 
by the screen I, and his limbs by the drawer G G, 

TTie great cupboard C C is now opened, nnd there 

so litllc machinery in it that the eye iiiatatilly 
<liBCover« that no person is concealed in it. To 
mahe this more certain, however, a dour ia opened 
nt tbe back, and a. lighted candle held to it, to ullow 
the Bpectatora to explore every corner and recess. 

The front doors of the great and small cupboard 
being left open, the chest ia wheeled round to show 
the trunk of the figure, and the bunch of keys ia 
allowed to remain in the door D, as the apparent 
careleasneis of such a proceeding will belp to re- 
move any suspicion which may have been excited 
by the locking of the door B. 

When the drapery of the figure baa been raised, 
and the doors E and F in the trunk and thigh 
opened, the chest is wlieeled round again into its 
original position, and the doors E and F closed. 
In the meantime the player withdraws his legs 
from behind the drawer, as he cannot so easily do 
this when the drawer G G ia pushed iii. 

In all these operations, the spectator flatters 
himself that he has seen in Buccession every port 
of the chest, while in reality some parts have been 
wholly concealed from hie view, and others but im- 
perfectly shown, while at the present time nearly 
half of the chest is excluded from view. 

When the drawer G G ia pushed in, and the 
doors A and C closed, the exhibitor adjusts the 
machinery at the back, in order to give time Ui the 
player to take tjie position shown in a front view 
in Fig. 71, and in profile in Fig. 72. In this posi- 
tion he will eijjeriEnce no difficulty in executing 




every movement made liy the aufnmatnn. Aa his 
head is ahove tlic cheES-board, he will see tbmvig& 
the waistcoat of the iigure, as easily as through a 
■veil, the whale of the pieces on the hoard, and he 
can easily take Tip and put down a chess-man with- 
out any other mechanism than that of a string 
communicating with the finger nf the figure. Hia 
right hand heing within the cheat may be em- 
ployed tn keep in motion the wheel-work for pro- J 
ducing the noise which is heard during the move%.B 
and to perform the other movementa of the figure-^ 
BHCh as that of moving the head, tapping on tT 
chest, &c. 

A very ingenious contrivance is adopted to fii(ri>iJ 
litale the introduction of the player's left arm into'*! 
the arm of the figure. To permit this, the ai 
the figure requires to be drawn backwards; and for 
the purpose of concealing, and at the same time 
explaining this strained attitude, a pipe iajngeni- 
misly placed in the automaton's band, 
is not removed til! all t 
e completed. "When everj' 
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has been thua prepared, the pipe is taken from 
figure, and the ejihibitor winds up as it were 
I incloKd machinery, for the double purpose of 

Fig. 73. t 
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preseiiig upon tlie company the belief that the 
effect ia produced by machinery, and of giving a 
eignal to the pluyer to put in motion the head of 
the automatoTi. 

This ingenious explanation of the cheaa auto- 
maton is, our author states, greatly confirmed by 
the regular and imdeviatiiuj mode of discloBing 
the interior of the cheat; and he also shows that 
the facta which have been observed respecting the 
winding up of the machine, " afford positive proof 
that the axis turned by the key is quite free and 
unconnected either with a spring or weight, or any 
syatem of machinery." 

In order to make the preceding description more 
intelligible, I shall add the following more detailed 
explanation of the figures. 

Fig. 66 is a perspective view of the automaton 
aeen in front with all the doors thrown open. 

Fig. 67 is an elevation of the automaton, at 
^ £mn behind. 

Fig. 68 is an elevation of th; front of the cht 




the shaded figure representing tlic enclosed player 
in. hie first position, or when the door A is opened- 
Fig. 69 is a side elevation, tlie shaded figure re- 
presenting the plajer in the same position. 
' Fig. 10 is a front elevation, the shaded figure 
ihetving the player in his second position, or that 
lirluch he talces after the door B and screen I are 
md the great cupboard opened, 
_ 71 is a front elevation, the shaded figure 
lowing the player iu his third position, or that in 
' ' h he plays the game. 

g. "72 is a side elevation showing the figure ia 
une position. 
Fig. 13 is an horizontal section of the chest 
brough the line W W in Fig. 11. 
Fig. 74 is a vertical section of the chest through 
flttelineXXinFig. 73. 

Fig. 73 is a vertical section through the line 
"T, Fig. 71 showing the false back closed, 
i'ig. 76 is a similar vertical section showi 
e back raised. 
The following letters of reference are emploj 
ta nil the figures : 

A. Front door of the small cupboard. 

B. Back door of ditto. 
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C C, Front doors of large cupbQard. ^^^^^^B 

D. Back door of ditto. ,^^^^^H 

E. Door of ilitto. ^^^^^^H 

F. Door of the thigh. ^^V^H 
^^ GG. The drawer. *r • ^H 
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GG. The drawer. 

H. Machinery in front of the small cupboard. 

I. Screen behind the luachinery. 

K. Opening caused by the removal of part of 
the floor of the small cupboard. 

L. A bos which serves to conceal an opening in 
■the floor of Ac lai^e cupboard, made to facilitate 
the first position ; and which also serves as a seat 
for the tbird poeition. 

M. A similar box to receive the toes of the 
player in the first position. 

N, The inner chest filling up part of the trunK. 

O. The space behind the drawer. 

PQ. The false back turning on a joint at Q. 

R, Partof the partition formed of cloth stretched 
tijihtj which is carried up by tbe false back to form 
the opening between tbe chambers. 

S. The opening between the chambers. 

T. The opening connecting the trunk and chest, 
■which is partly concealed by the false back. 

U. Panel which is slipt aside to admit the player. 

Various pieces of mechanism of wonderful in- 

tenuity have been constructed for the piir|)oaes of 
rawing and writing. One of these, invented by 
M. Le Droz, the son of the celebrated Droz of 
Chans le Fonds, has been described by Mr. Col- 
linaon. The figure was the size of life. It held 
in its hand a metallic style, and when a spring was 
looched, so as to release a detent, the fi 
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^HRdiately began to draw upon a card of Dutch vet-^^H 
lum previously laid under ite liaad. After the [ 

drawing was executed on the first card, the figure 
rested. Other five cards were then put in in eug- 
ceesion, and upon these it delineated in the same 
manner different subjects. On the first card it drew 
'* elegant portraita and likenesses of tiie liing and 
queen facing each other ;" and Mr. Coilinson re- 
marks, that it was curious to observe with what ^^^ 
precision the figure lifted up its pencil in its truK^^^H 
silion from one point of the drawing to anothei^^^H 
without making the alighteBt mistake. ^^H 

M. Maillardet has executed an automaton whicll ^^^ 
both writes and draws. The figure of a boy kneel- 
ing on one knee holds a pencil in hia hand. When 
the figure begins to work, an attendant dips the 
pencil in ink, and adjusts the lira wing-paper upon 
a bvBBB tablet. Upon touching a spring, the figure 
proceeds to write, and when the bne is finished, its 
handretumstodot and stroke tlie letters whenneces- 
BBiy. In this manner it executes four beautiful 
pieces of writing in French and English, and three 
landscapes, all of which occupy about one hour. 

One of the most popular pieces of mechanism 
which we have seen is the magician constructed by 
M. Maillardet for the purpose of answering certain 
given questions. A figure, dressed like'a magician, 
appears seated at the bottom of a wall, holding a 
wand in one hand, and a book in the other. A 
number of questions ready prepared are inscribed 
n oval medallions, and the spectator takes any of , 

se which he chonses, and to which he wishes an ■ 

rwerj and having placed it in a drawer ready t» J 
■ e it, the drawer shuts with a spring till thc» 






484 LBTTEHS OS WATURAl UAOIC 

Answer is relnnied. The magicuin tLi 
his seat, bows hie head, deacribes circles with hii 
wan(l,aud,conflulttag thebookas iftii ilee]> thought, 
he lifts it towards hia face. Haying thus apjjeared 
to ponder over the proposed (jiiestion, he raieea 
hie waad, and striking with it the wall above his 
bead, two folding-doors fly open, and display an 
appropriate answer to the question. The doors 
^ain close, the magician resumes his original po- 
sition, and the drawer opens to return the medal- 
lion. There are twenty of these medallions, all 
containing different questions, to which the magi- 
cian returns the most suitable and striking answers. 
The medallions are thin plates of brass of an el- 
liptical form, exactly resembUng each other. Some 
of the medallions have a question inscribed on 
each side, both of which the magician answers in 
succession. If the drawer is shut without a medal- 
lion being put iuto it, or if a blank medallion, viz., 
one which contains no question, la put into the 
drawer, the magician rises, consults his book, 
shakes his head, and resumes his seat. The fold- 
ing-doors remain ehut, and the drawer is returned 
empty. If two medallions are put into the drawer 
together, an answer is returned only to the lower 
one. When the macliinery is wound up, the move- 
ments continue about an hour, during which time 
about fifty questions may be answered. The me- 
thod by which the different medallions acted upon 
the machinery, so as to produce the proper answers 
to the questions which they bore, was of courae 
kept a secret by the inventor, but it was discovered 
by Mr, Brockedon, who has kindly communicated 
to me an account of it. 
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^PtJpon examining the edge of the circular medal- 1 
lionE, Mr. Brockedon discovered in all of them, 1 
except the blanks, a Email liulc almost concealeit'l 
by the milling. This led Mr.Brockedon to esamino 1 
the receptacle for the medallion in the drawer, f 
and he observed the edge of a pin flush with the . ' 
edge of the receptacle, whence the pin was protruded 
by the machine into the holes in the medallion, 
the depth of the hole regulating the answer. la ■ 
order to prove this, Mr. B. cut a slip from a cedar J 
pencil small enough to enter easily the holes in th« W 
medallion, if he found them to be of difFerenfeJ 
depths. As the blank medalliona had no hole, ancfc 
produced onlyu shake of the magiciaii's head, Mri\ 
B. took a. medallion with a question, and having 
plugged the hole with a bit of cedar, he cut B\ 
flush, and having placed it in the receptacle, the«^ 
conjuror shook his head, and thus hore testimonj^B 
to the truth of Mr, Brockedon's discovery. r 

M. Maillardet has constructed various other ' 
automata., representing insects and other animals. 
One of these was a spider entirely made of steel, 
which exhibited all the movements of the animal. 
It ran on the svirface of a table during three mi- 
nutes, and to prevent it from running off, its cuurae J 
always tended towards the centre of the table. He 1 
constructed likewise a caterpillar, a lizard, a mo«a( 
and a serpent. The serpent crawls about in ever 
direction, opens its mouth, hisses, and darts out it 
tongue. 

Ingenious and beautiful as all these pieces o 
mechanism are, and surprising as their effects ap- 
pear even to scientific spectators, the principal o' 
ject of their inventors was to astonish and amt 
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tlie public. We ehould form an ettoneoua jndg^ 
meut, however, if we Bupposed tbat this -was the 
only lesult of the iugenuity which they displayed. 
The paesion for autumattc exhibitions, which cha- 
raclerized the 18lh century, gave rise to the moat 
iDgeitiouE mechanical devices, and introduced 
among the higher orders of artists habits of nice 
and accurate exccutiun in the formation of the moat 
delicate pieces of machinery. The same combi- 
nation of the mechanical powers which made the 
■pider crawl, or which waved the tiny rod of the 
magician, contributed in future years to purposes 
of higher import. Those wheels and pinions, which 
almost eluded our sensea by their minuteness, re- 
appeared in the Etupendous mechanism of our 
aiinuing-machines and our steam-euginea. The 
ements of the tumbling-puppet were revived in 
the chronometer, which now conducts our navy 
through the ocean ; and the shapeless whee! which 
directed the hand of the drawing automaton has 
served, in the present age, to guide the move- 
ments of the tambouring engine. Those mecha- 
nical wonders, which in one century enriched only 
the conjuror who used them, contributed in another 
to augment the wealth of the nation ; and those 
I'AUtomatic toys, which once amused the vulgar, are 
now employed in extending tlie power and pro- 
moting the civilization of our species. In what- 
ever way, indeed, the power of geuiuB may invent 
or combine, and to whatever low or even ludicrous 
purposes that invention or combination may be 
originally applied, society receives a gift wliich it 
can never losej and though the value of the seed 
may not be at once recognized, and though it nii^ 
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^j^BB long unproductive in the ungenial till of hui . 
Icnowledge, it will some time or other evolve iti 1 
geim, and yield to macliind its natural and abun- 
liunt harvest. 

Did the limits of eo popular a volume as this ] 
ought to be permit it, I should have proceeded to 1 
give a geneial description uf some of these extrarr I 
ordinary pieces of machinery, the couEtruction ai 
effects of which never fail to strike the spectator 1 
with surprise, This, however, would leadmeinto 
a field too extensive, and I shall therefore conflne 
myself to a notice of three very remarkable pieces 
of mechanism w^hich are at present very little known 
to the general reader, viz ., the tambouring luaclune 
of Mr. Duncan, the statue-turning machine of Mr. 
Watt, and the calculating machinery of Mr, Bab- 
liHge. 

The tambouring of mualinB, or the art of pro- 
ducing upon them ornamental flowers and figures, 
has been long known and practiiied in Britain as 
well as "in other countries; but it was not long 
before the year 1790, that it became an object of 
general manufacture in the west of Scotland, where 
it was chiefly carried on. At first it was under 
the direction of foreigners ; hut their aid was not 
loug necessary, and it speedily extended to such 
a degree as to occupy, either wholly or partially, 
more than 20,000 females. Many of these la- 
bourers lived in the neighbourhood of Glasgow, 
which was the chief seat of the manufacture; hut 
others were scattered through every part of Scot- 
land, and supplied by agents with work and money. 
"Jr Glasgow, a tambourer of ordinary skill coald 
pBtiu general earn more than five or six shillings 
k. by constant application; bMttQs.\s\Ks«B«si^ 
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KTtjsan,who had severs.! daughters, even 
wages fonned a. boutcc of great wealth. 
age of five years, a child capable of handling & 
needle was devoted to tambuuring, even though it 
coald not eani more than a shilhiig or two in a 
Keek; and the coagequence of this was, that fe- 
male children were taken from school, and ren- 
dered totally -unfit for any social or domeEtic duty. 
The tambouring population was, therefore, of the 
"Worst kind, and it must have hecn regarded as a 
Veesing rather thau as a calamity, when the work 
which they performed was intrusted to regular 
machinery. 

Mr. John Duncan of Glasgow, the inventor of 
the tambouring machinery, was one of thoee un- 
fortunate individuals 's\ho benefit their species 
without benefiting themEelvea, and who died in the 
meridian of life, the victim of poverty and of na- 
tional ingratitude. He conceived the idea of bring- 
ing into action a great number of needles at the 
same time, in order to shorten the process by 
manual labour, but he at first was perplexed about 
the diversification of ihe pattern. This difficulty, 
however, he soon Eiuinountcd by employing two 
forces at right angles to each other, which gave 
him a new force in the direction of the diagonal of 
the parallelogram, whose sides were fi)rmed by the 
original forces. His first machine was very im- 
perfect; hut after two years' study he formed a 
company, at whose espense six improved ma- 
chines were put in action, and who secured the 
invention by n pateiit. At this lime the idea of 
rendering tlie machine automatic had scarcely 
occurred to him ; but be afterwards succeeded in 
icomjiIiBhiag Uiia gce&t QV^cct^ and the toia? 



'.tiouring machines were placed under the aurveil" 
Ifince of R E team -engine. Another patent was taken 
for these iniproveinenta. The reader who desires 
to have a mimile account of these improvement*, 
and (jf the various parts of the machinery, will be 
amply gratified by perusing the inventor's 
account of the machiuery in the article Ci 
WORK in the Ediiihui^h Encycl'ipcedia. At pie- 
scnt it will be Btiificient to stale, that the muslin ta 
be tamboured was suspended vertically ia a frame, 
which was capable of being moved both in a ver- 
tical and a horizontal direction. Sixty or mora 
needles lying horizontal occupied a frame in front 
of the muslin web. Each of these working-needles, 
as they are called, was attended by a feeding- 
needle, which, by a circular motion round the work- 
ing-needle, lodged upon the stem of the latter the 
loop of the tliread. The sixty needles then pene- 
trated the web, and, in order that they might return 
again without injuring the fabric, the barb or eye 
of the needle, which resembled the barb of a fishing- 
hook, was sWt by a slider. The muslin web then 
took a new position by means of the machinery that 
gave it its horizontal and vertical motion, so that 
the sixty needles penetrated it, at their next mover 
metit, at another point of the figitte or flower. 
This operation went on till sixty flowers were a 
pleled, The web was then slightly wound up, t 
the needles mlgbt he opposite that part of it 
which they were to work another row of flowers. 
The flowers were generally at an inch distant 
and the rows were placed so that the flowers formi 
what are called diamonds. There were seveni 
two tows of flowers in a yard, so that 
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equfire yard there were nearly 4000 flowers, 
'n every piece of ten yards long 40,000. Tlie niim- 
her of loops or atitchee in a flower varied with the 
pattern, but on an average there were about thirty. 
Heuce the number of Btitchca in a yard were 
120,000, and the number in a piece ie 1,200,000. 
The average work done in a week by one mBclnue 
WHB fifteen yarda, or 60,000 flowers, or 1,800,000 
stitches; and by comparing this with the work 
done by one peraon with the hand, it appeared 
- thftt the machine ermbled one person to do the 
work of twenty-four persons. 

One of the most cuxious and important ttpplica- 
tiona of machinery to the arts which has been sug- 
gested in modem tiraee, was made by the late Mr. 
Wolf, in the construction of a machine for copying 
or reducing statues and sculpture of all kinds. 
The art of multiplyiug busts and statues, by casts 
• in plaster of Paris, baa been the means of diffusing 
I almowledgc of this branch of the fine arls; birt 
I from the fragile nature nf the material, the copneB 
thus produced were unfit for exposure to the wea- 
ther, and therefore ill calculated for nmsmenting 
public buildings, or for perpetuating the memory of 
public achievements. A machine, therefore, whicl* 
is capable of multiplying the labours of the sculp- 
tor in the durable materials of marble or of hraaa, 
was ft Eesideratum of the highest value, and one 
which could have been expected only from a 
genius of the first order. During many years Mr. 
Watt carried on his labours in secret, and he coii- 
cealed even his intention of constructing such a 
machine. After he had made considerable progress 
in its execution, and had thought of securing his 
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BtVBntinn by & patent, lie learoed thRtan isgenioui 
^divitlual in his awn neighbourhood had been long 
occupied in the Bame pursuit ; and Mr. Watt in- 
formedme, that he had every reasou to beheve that 
this gentleman waa entirely ignorant of hia labours. 
A proposal was then made that the two inventors 
should combine their talents, and secure the privi- 
lege by a joint patent; but Mr. Watt had expe- 
rienced GO frequently the fatal operation of our par- 
tent laws, that he saw many difficultiee in the way 
of such an arrangement, and he was imwilling, at 
hie advanced age, to embark in a project bo exten- 
eive, and which seemed to require for its buuccbs- 
fnl prosecution all the ardour and ambition of a 
youthful mind. The scheme was therefore abiin- 
dcinedi and Euch is the unfortunate operation of 
our patent laws, that the circumstance of two indi- 
vidualE having made the same invention has pre- 
vented both from bringing it to perfection, and 
coufeiring a great practical benefit upon their Bpa- 
ciee. The maJchine which Mr. Watt had constructed 
had actually executed some excellent pieces of workii. 
I have seen in his house at Heathlield c ipiea o£ 
i)aEBO -relievos, and complete statues of a smaHi 
~ ; andsomeof his friends have in their poBsea- 
other Bpecimens of its performance. 
Of all the machineB which have been con- 
ttl'ncted in modem times, the calculating-machii 
is doubtless the most extraordinary. Pieces of 
chanism for performingparticulararithmeticali _ 
rations have been long ago constructed, but thi 
bear no comparison either in ingenuity or in mag- 
nitude to the grand design conceived and nearly 
eseeiited by Mr. Babbage, Cheat as the power <iC 
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mecfaBnisin is known to be, yet we ■venture to « _ 
that many of the moat inlelligent of our readers 
will scarcely admit it to be possible that astroijomi- 
eel and navigation tables can be accurately com- 
puted by machinery; that the machine can itself 
correct the errors which it may commit ; and that 
the results of its calculations, when abBolutely free 
from error, can be printed off, without the aid of hu- 
man hands, or ihe operation of human intelligence. 
All this, however, Mr. Bahbage's machine can do; 
and as I have had the advantage of seeing it ac- 
tually calculate, and of studying its construction 
with Mr. Babbage himself, I am able to make the 
above statement on personal observation. The cal- 
culating machine now constructing under the 
superuitendence of the inventor has been executed 
at the expense of the British Government, and is 
of course their property. It consists essentiaily of 
two parts; a calculating part, and a printing part, 
both of which are uecessaTy to the fulfilment of 
Mr. Bahbage's views ; for the whole advantage 
would be lost if the computations made by the 
machine were copied by human hands and traas' 
ferred to types by the common process. The 
greater part of the calculating- machinery is already 
constructed, and exhibits workmanship of such 
«straordtnary skill and beauty, that nothing ap- 
proaching to it has been witnessed. In order to 
esecute it, particularly those parts of the appa- 
ratus which are dissimilar to any used in ordinary 
mechanical constructions, tools and machinery of 
great expense and complexity have been invented 
and constructed; and in many instances con Iriv- 
«ices of singular ingenuity have been resorted to 
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ich. cannot fail to prove estenflively uBcful 
TurioTiH branches of the mechanical arts. 

The drawings of this machinery, which form 
large part of the work, and on which all the contrii 
KDCehas been bestowed, and all the alterationi 
cover upwards of 400 square feet of surface, and 
are executed with extraordinary care and precisian. 
In so complex a piece of mechaniam, itt which 
iaternipted motions are propagated Eimultaneoufily 
along a great variety of trains of mechanism, it 
>jli%ht have been supposed that obstructions would 
'itriee, or even incompatibilities occur, from the 
impracticability of foreseeing all the possible com- 
binations of the parts; but this doubt has been 
entirely removed, by the constant employment of 
a system of mechanical notation invented by Mt. 
Babbage, which places distinctly in view, at every 
instant, the progress of motion through all the 
parts of tlita or any other machine, and by writing 
down in tables the times reijuiredfor all the move- 
ments, this method renders it easy to avoid all 
nek of two opiiosite actions arriving at the samft' 
instant at any part of the engine. 

In ihe printing part of the machine leas progress 

^BB been made in the actual execution than in the 

>WlcuIating part. The cause of this is the greater 

M^culty uf its contrivance, not for transferring 

I'^fie computations from the calculating part to the 

MOpper or other plate destined to receive it, but for 

ijj^ing to the plate itself that number and variety 

^'movements which the forms adopted in printed 

'lies may call for in practice. 

The practical object of the calculating engine 

compute and print a great variety and estei 









•f astronomical and navigation tables, which could 
not be done without enormous intellectual and 
manual labour, and which, even if executed by 
«ich labour, could not be calculated with the re- 
tjuiaite accuracy. Matliematiciens, astronomers, 
kud navigators do not require to be informed of 
fee real value of such tables ; but it may be proper 
to state, for the information of others, tliat seven- 
ieen large folio volumes of logarithmic tables alone 
vere calculated at an enormous espeuse by the 
French Government; and that the Btitieh Govern- 
ment regarded these tables to be of such national 
value, that they proposed to the French Board of 
Longitude to print an abridgment of them at the 
joint expense of the two nations, and offered to 
advaTice 5000i. for that purpose. Besides loga- 
litlimic tables, Mr. Babbage's machine will cal- 
culate tables of the powers and products of niun- 
bers, and all astronomical tables for determining 
the positions of the sun, moon, and planets ; and 
the eanie mechanical principles have enabled him 
to iutegrate innumerable equations of finite difier- 
eiicea, that la, when the equation of differences ib 
given, he can, by setting an engine, produce at 
the end of a given time any distant lenn which. 
BMty be required, or any snceeseion of terms com- 
mencing at a distant point. 

Besidea the cheapness and celerity with whidi 
this machine will perform its work, the absolute 
accuracy of the printed rcBults deserves especial 
notice. By peculiar contrivances, any small error 
produced by accidental duet, or by any slight in- 
accuracy in one of the wheels, ia coiTected as 
transmitted to the next, and this ia 



1 Buch a manner as effectually to prevents 
y accumulatiou of small erroiH from producing 
an erroneous lig^iie in the result. 

In order to convey some idea of this stupendous 
undertaking', we may mention the effects produced 
by a small trial engine couatnicted by the inventor, 
and by which he computed the following table irom 
the furmula 4.''+^'+41. The figures, aa they were 
calculated by the machine, were not exhibited to 
the eye as in sliding rules and similar instrumental 
but were actually presented to the eye on two 
opposite sites of the machine, the number 383, 
tor example, appearing in figures before the persoa J 
iployod in copying. 
Table calculated hij a i 
41 131 383 

421 
461 
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/ Enijine. 


■791 


1373 


B53 


1447 


911 


1523 


971 


IfiOl 


1033 


1681 


1097 


1763 


1163 


1847 


1231 


1933 


1301 


2021 



691 

743 

1 the machine was occupied in calculating^ 

1 table, a friend of the inventor undertook 

1 tlic numbers as tbey appeared, 

:e of the copyist writing q^uickly, he ra- 

r more tliwi kept pace with the engine, but &8 

a as five figures appeared, the machine was at 

t equal in speed to the writer. At anothe*. 

I thirty-ttco numbers of the same table 

iculated in the apace of Iwo minutes and thii 
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f seconds; and as thtee contained eiijhty-two figi 
the engine produced thirty-three tigurea every"' 
minute, or more thau oue figure in everj- two 
Beconda. On another occasion it produced forly- 
fouT figures per miiiiite. This rate of computation 
could be maintained for any length of lime ; and 
it is probable that few writers are able to copy with- 
equal speed for many hours together. 

Some of that class of individuals who envy all 
L great men, and deny all great inventione, liave 
f ignorantly stated that Mr. Babble's invention ia 
I not new. ThesameperBonSjhaditsuited theirpur- 
pose, would have maintained that the invention of 
epectacles was an anticipation of the telescope; but 
even this is more true than the allegatiot^, that the 
arithmetical machines of Pascal and others were 
the types of Mr. Babbage's engine. The object of 
these machines was entirely different. Their high- 
est functions were to perform tlie operations of 
common arithmetic. Mr. Babbage's engine, it is 
true, can perform these operations also, and can 
extract the roots of numbers, and approximate to 
the roots of er[uations, and even to their impos- 
sible roots. But this is not its object. Its func- 
, tion, in contradistinction to that of all other con- 
I trivances for calculating, is to embody in machi- 
I nery the method of differences, which has never 
before been done ; and the effects which it is 
capable of producing, and the works which in the 
course of a few years we expect to see it execute, 
will place it at an infinite distance from all other 
efforts of mechanical genius*. 

* A pnpulur nccount of this ccgina will Im fniinil !□ Mi. 
ft £ibba^'ii inti^rEating voluiue Oa the Eo .nauiy of Manu/ae- 

—w,jn»t jmWiihed. 
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Jriyw, prosrew, and ahjt 
alcheiiiK — Art of brealhing firr — Eiitplnyed ij BareAecht- 
bat, Eiami, ^c. — Modern method — Art of vtalkitig u/wi 
buming coaimnd rrd hot iron, aad' of plunging the hand* 
in me/ied/ead aad boiling water — Singular praperig ofboiU 
fRglar — WorkmeH pUmge their handi in meited cappir—^ . 
rTriai of ordeal bg fre—Aidini't ineontbiutiUe draitt~^ f 
[ Exampki of their aonderful power in raiiting JLimi 
Pomtr of breathing and enduring air of high lempert 
— Erperimcnli made ig Sir Joseph BanAi, Sir Chtiri^ 
Blagdtn, and Mr. Chantreg. 

jChemistry has from its infaiic; been 

Sntly the science of wonders. In her laboratory 

^e alchemist and the magician have revelled un- 

intTolled, and from her treaGiueB was forged the 

sptrc which was so long and so fatally wielded 

human reason. The changes which take 

Enlace in the bodies immediately around ua are too 

^%w in number and too remote from observation to 

Bcite much of our notice ; but when the sub- 

:3 procured directly from nature, or formed 

.iesually by art, become objects of investigation, 

f 'Ibey exhibit in their tiiaple or combined actions 

^ifee most extraordinary effects. The phenomena 

Ihhich they display, and the products which they 

Kfoim, so little resemble those with which we ara 
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familiar, that tlie must plilegmatic and the 1^^^| 
speculative observer must have anticipated fraBBi 
them the creation of new and valuable compounda. 
ll can scarcely, therefore, he a matter of surprise 
that minds of the highest order, and spirita of the 
loftiest ambition, should have sought in the trans- 
mutations of chemistry for those splendid products 
which were conceived to be most conducive to 
litiman happiness. 
L The disciple of Mammon grew pale over his 
r crucible iu his ardour to convert the baser metals 
' into gold; the philosopher pined in secret for 
the universal solvent which might develop the 
elements of the precious stones, awl yield to bjm 
the means of their production ; and the phikn- 
thropiat aspired after an universal medicine, which 
might arrest disease in its course, and prolong in- 
definitely the life of man. To us who live under 
the meridian of knowledge, such espectationa must 
Appear us prcsumptuoua as they were delusive: 
[ Wt when we consider that gold and silver were 
I actually produced by ebemical processes from the 
[ rude ores of lead and copper ; — that some of the 
nost refractory bodies had yielded to tlie disinte- 
grating and solvent powers of chemical agents; — 
and that the mercurial preparations of the Arabian 
physicians liad operated like charms in the cure of 
diseases that had resisted the feeble medicines of 
the times, we may find some apology for the extra- 
vagant expectations of the alchemists. 

An object of lofty pursuit, even if it be one at 

iinposEible attainment, is not unworthy philoso- 

■ pbical ambition. Though we cannot scale the 

iiit of the volcanic cone, we may yet reach its 
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"ihcaying flanks ; and though we rannnt ileconipoBB 1 
its loftiest files, we may yet study the lavn whicli 
they have melted and the products whic;h they have 
sublimed. In like manner, though the philoao- 
pher's atoue has not been found, chemistry has de- 
rived rich accessious from its search;- — though the 
general solvent haa not been obtained, yet the dia- 
mond and the gems have eurrendered to science 
their adamantine strength ; — and though the elixtt 
of life has never been distilled, yet other medicines 
have soothed " the ills which tiesli is heir to," and 
prolonged in no slight degree the average term of 
oiir existence. 

Thus far the pursuits of the alchemist were ho- 
Bonrable and useful ; but when his calling was fol- 
lowed, as it soon was, by men prodigal of fortune 
and of character, science became an instrument of 
crinie ; secrets imattained were bartered for the 
gold of the creduiouH and the ignorant, and boi)ks 
innumerable were composed to teach these pre- 
tended secrets to the world. An intellectual re- 
aetion, however, soon took place; and those very 
princes who bad sui^ht to till their exhausted trea- 
tturies at thefnruace of the ehemiet, were the hrst 
to enact laws against the frauds which they had 
encouraged, and to dispel the illusions which had 
so long deceived their Bubjects. 

But even when the moral atmosphere of Europtt 
was thus disinfected, chemistry supplied the mag) 
cian with his most lucrative wonders, and tho( 
who could no longer delude the public with dreai 
of wealth and longevity, now souglit to an 
astonish them by the exhibition of tht 
The narrow limits of this volume wiU not p;t 
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me to give even a general view of those estn 
nary effects which this popular science can ow- 
pliiy. I must therefore select from its iueichauBtible 
stores those topics which are most etrikingio their 
results, and most popular in their details. 

One of the most ancient feais of magic was the 
art of breathing flame, — an art which even now es- 
citee the astonishment of the vulgar. During the 
insurrection of the slaves in Sicily in the second 
century before Christ, a Syrian named Eunus ac- 
quired by his knowledge the rank of their leader. 
In order to establish his influence over their minds, 
he pretended to possess miraculous power. When 
he wished to inspire his followers with courage, he 
breathed flames or sparks among them from his 
mouth, at the same time that he was rousing them 
by liis eloquence. St. Jerome informs us, that the 
Rabbi Barchochehas, who headed the Jews in their 
last revolt against Hadrian, made them believe that 
he was the Messiah, by vomiting flames from his 
mouth ; and at a later jieriod, the Emperor Con- 
etantiiis was thrown into a state of alarm when Va- 
lentinian informed him, that he had seen one of the 
bodjt-guarda breathing out tire and flames. Wear© 
not' acquainted with the e.'iact methods by which 
these rffects were produced ; but Florua informs us, 
that Eunus filled a perforated nut-shell with sul- 
phur and fire, and having concealed it in his mouth, 
he breathed gently through it while he was speak- 
ing. This art is performed more simply by the 
modern juggler. Having rolled together some flar 
or hemp, so as to form a holi the size of a walnut, 
he sets it on fire, and allows it to burn till it is' 
early consumed : he then rolls round it while 
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^r^mroing some additional flax, and by these means^^l 
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the fire may be retained in it for a considerable 
time. At the commencement of big eshibition he 
introduces the boll into his mouth, and while he 
breathes through it the fire is revived, and a nui 
ber of burning sparks are projected from his mou 
These sparks are too feeble to do any harm, pi 
vided he JDhates the air through his nostrils. 

The kindred art of walking on burning coals 
red hot iron remounta to the same antiquity. The 
priestesses of Diana at Oastabala in Cappadocia 
nere accustomed, according to Strabo, to walk 
over burning coals ; and at the annual festival, 
which was held in the temple of Apollo on Mount 
Soracte ia Etnuia, the Hirpi marched over burn- 
ing coals, and on this account they were exempted 
from military service, and received other privilcgea 
from the Roman Senate. This power of resisting 
fire was ascribed even by Varro to the use of some 
liniment with wliich they anointed the soles of 
their feet. 

Of the same character was the art of holding red 
hot iron in the hands or between the teeth, and of 
plunging the hands into boiling Mater or melted 
lead. About the close of the seventeenth century, 
an Englishman of the name of Richardson rendered 
himself famous by chewing burulag coals, pouring 
melted lead upon hia tongue, and swallowing 
mel ted glass. That these effects are produced partly 
by deception, and partly by a previous preparation 
of the parts subjected to the heat, can scarcely ad- 
mit of a doubt, The fusible metal, composed of 
mercury, tin, and bismuth, which melts at a 1( 
temperature, might easily have been substituted 
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pinccnf lend; and fluide of easy ebullition may H^^l 
lieen used in place of boiling water. A siilutton at 
■permaeeti or Hulpburic etlier, tinged with alkanefc 
root, wliicli becomee solid at 50° of Fftbreiiheit, 
and melts Eind boils with the heat of the hand, is 
mppOBCd to l>e the eubetanoe which ie used a.t 
Kaplcs wheo the dried blood of St. JauiumuG meltc 
Bpmitnneouslr, and boils over t!ie vessel which 
But even when the flnid requireB a. high tempe- 
rature to boil, it may have oilier properties, whicli 
enable iia to plunge our liands into it with impu- 
nity. This is the case with boiling tar, -which boils 
at a temperature of 220° even higlier than that of 
■water. Mr. Davenport informs ub, that lie saw 
one of the workmen in tlie King's Dock-yard at 
Chatham immerBe his naked hand in tar of that 
temperature. He drew up his coat eleevea, dipped 
in his hand and wriet, bringing out fluid tar, and 
pouring it off from his haud as from a ladle. The 
tar remained in complete contact with his skin, and 
he wiped it off with tow. Convinced that there was 
no deception in this experiment, Mr. Davenport 
immersed the entire length of his fore-finger in the 
boiUng canldron, and moved it abont a short time 
I before the heat became inconvenient. Mr, Daveu- 
F pwt ascribes thie singular effect to the elowuesa 
f with which the tar communicates its heat, whicli 
nceives to arise from the abundant volatile 
1 Tapour which is evolved " carrying off rapidly the 
F caloric in a latent state, and intervening between 
lt and the skin, so as to prevent the more 
raiiid communication of lieat." He conceivea also, 
.t when the hand is withdrawn, and the hot tar 
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^Bbering to it, the rapidily with nlilch this vnpour 
IB evolved from the surface exposed to the air cools 
it immediately. The workmen informed Mr. Da- 
venport, that, if a, person piit his hand into the 
cauldron ivilh Ilia glove on, he would he dreadfully 
burnt, but this extraordinary result was not jiut to 
the test of observation. 

But though the conjurors with fire may have 
availed themselves of these singular properties of 
individual bodies, yet the general secret of their art 
consisted in rendering the skin of the exposed parts 
callous and insensible to heat,— an effect which may 
be produced by continually compressing or siTigeing 
them till the skin acquires a homy coneiBtencc. A 
proof of this opinion is mentioned by Beckroann, 
who assures us that in September ]"?65, when he 
vieited the copper works at Awestad, one of the 
workmen, bribed by a little money to drink, took 
some of the melted copper in his hand, and after 
showing it to the company, threw it against a wall. 
He then squeezed the fingers of his homy hand 
close to each other, held it a. few minutes under his 
arm-pic to make it perspire, as he said, and taking 
it again out, drew it over a ladle filled with melted 
copper, Bome of which he skimmed off, and moved J 
his hand backwards and forwards very quickly by I 
way of ostentation. During this performance, M. f 
Beckmann noticed a smell like that of singed liotjt I 
or leather, though the hand of the workman was not I 
burned. This callosity of the skin may be dfecte" 
by freqiiently moistening it with dilute Buipliu' ' 
acid. Some allege that thejuices of certain plai 
produce the same effect, while otherB recoinmenifl 
the freiiiicnt mhbing of the skin with oil. "*"■- 
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lecuipl given by Albertua Magnus for this purpose 
was of e. different nature. It consiated of a non- 
Conducling calcareous paste, which was made to 
adhere to the skin by the saji of the raarsh-mallow, 
the slimy seeds of the flea-bane, and the white of 
an egg- 
As the ancients were acquainted with the incom- 
buBtibihly of asbestos or amianthus, and the art of 
weaving it into clotli, it is highly prohahle that it 
was employed in the performance of some of their 
miractes, and it is equally probable that it was Buh~ 
setjuently used, along with some of the processes 
already described, in enabling the victims of super- 
stition to undei^o without hazard the trial of ordeal 
by fire. In every country where this barbarous 
usage prevailed, whether in the sanctuary of the 
Christian idolater, or in the pagan temple of the 
Bramin, or under the wild orgies of the African 
savage, Providence seems to have provided the 
means of meeting it with impunity. In Catholic 
countries this exculpatory judgment was granted 
chiefly to persona in weak health, who were inca- 
pable of using arms, and particularly to monks and 
ecclesiastics who could not avail themselves of the 
trial by single combat. The fire ordeal was con- 
ducted in the church under the inspection of the 
clergy : Mass was at the same time celebrated, and 
the iron and the victims were consecrated by the 
Bprintiing of holy water. The preparatory stepa 
were bIbo under the direction of the pricsta. It 
vas necessary that the accused should be placed 
three days and three nights under their care, both 
before and after the trial. Under the pretence of 
"'reventing the defendant from preparing bis hands 
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^Ply art, and in order to ascertain tlie reeult of the ^^| 
ordeal, his hands were covered un and sealed dur- ^^^ 



ordeal, hie hands were covered up and sealed dur- 
ing the three days which preceded and followed the 
jiery application; and it has he en plausibly con- 
jectured hy Beckmaun, that during the three first 
days the preventive was applied to those whom 
they wished to acquit, and tliat the three last days 
were requisite to bring hack the hands to their 
natural condition. In these and other cases, the 
accused coiddnot have availed himself directly o£ 
the use of ashestoB gloves, unlcBs we could supposft 
them BO made as to imitate the human skin at &■ 
distance ; but the fibres of that muieral may have 
been imbedded in a paste which applied itself rea- 
dily to all the elevations and depressions of the skin. 
In our own times the art of defending the hands 
and face, and indeed the whole body, from the 
action of heated iron and intense fire, has been' 
applied to the nobler purpose of saving bumoit 
life, and rescuing property from the flames. The 
revival and the improvement of this art we owe to 
the benevolence and the ingenuity of the CheVaher 
Aldini of Milan, who has travelled through all 
Europe to present this valuable gift to his siKcies. 
Sir H. Davy had long ago shown that a safety 
lamp for illuminating mincB, containing inflam- 
mable air, might be constructed of wire-gauze 
alone, which prevented the flame within, however 
large or intense, from setting fire to the inflam- 
mable air without. This valuable property, whit' 
has been long in practical use, he ascribed to t! 
■ iflBOnducting and radiating power of the wire-gauz^, 
' ich carried off the heat of the flame, and de-; 
red it of its power. The Chevalier Aldini con? 
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ceivc<il the idea of applying the same matetial. ^^ 
combinstiou with other badly conducting sub- 
BtonceE, FLe a protection agBinet fire. Tlie iticom- 
buEtibk pieces of dresa which he uses for t!ie hody, 
iimiB, nnd legs, are formed out of strong cloth, 
which has been steeped ill a solution of alum, wLile 
those for the liead, hands, and feet, nre made of 
cloth of asbestos or aniianthue. The head dress is 
& large cap vrhicli envelops the whole head down 
to the neck, having Euitable perforntiona for the 
cyeH, nose, and mouth. The etodtinge and cap _ 
itrc single, but the gloves are made of double 
amianthus cloth, to enable the fireinan to take into 
his hand hiiming or red hot bodies, Tlie piece of 
ancient aebeBtOH cloth preserved in the Vatican was 
formed, we believe, by mixing the aohestoa with 
other fibrous substeucesj but M, Aldinl has ex»- 
ecuted a piece of nearly the same size, nine feet 
five inches long, and live feet tlirce inches wide, 
which is much stronger than the ancient pieces 
and poBseaseB superior qualities, in consequence of 
baying been woven without the introduction of any 
foreign substance. In thie manufactnie the fibres 
are prevented from breaking by the action of 
Bteam, the cloth ia made loose in its fabric, and the 
threads are about the fiftieth of an inch in diameter. 
. The metallic dress wliich is superadded to these 
means of defence consists of five principal pieces, 
viz. a casqve or cap, with a mask lai^e enough to 
leave a proper space bel;ween it and the asbestoa 
cap; BCuirasBwith itsbrassets; a piece of armour 
for the trunk and thighs; a pair of boots of double 
wire-gauze; and an oval shield 5 feet long by 
2J wide, made by stretching the wire-gauze over a 
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' ifdender fi^me uf iroii. All these pieces ore mads 
of iron wire-g&uze, having theiutervolbetweeo it> 
threada the twenty-iifth part of an inch. 

In Older to prove the efficacy of this apparatus, 
ami insjiire the firemen with eonlidence in it 
taction, he showed them tliat a finger first 
loiwd ill asbBBtoa, and then in a double ease o: 
■nire-gauze, might be held a long time in theflamt 
of a spirit-lamp or candle before the heat becaniB 
iiictiavenient. A fireman having his hand within 
double asbeatoB glove, and its palm protected by 
piece of aebeitos cloth, seized with impunity a larg 
piece of red hot iron, carried it deliberately to the 
distance of 150 feet, inflamed straw with it, and 
brought it hack again to the furnace. On other 
occasiona the fireman handled blazing wood and 
bmiiiug mibstanoea, and walked during tive minutes 
ujiuii an iron grating placed over flaming fagota. 

In order to ahow how the head, eyes, and lungs 
are protected, the fireman put on the aahestos and 
wire-gauze cap, and the cuirasB, and held tfaeahield 
bcfbi'c hie breast. A fire of shavings was then 
lighted, and kept bumingina large raised chafing-- 
di?h; ihe fireman plunged liis head iiit'i tlie 
niiiiille of the flames with his face to the fuel, and 
in that position went several times round the 
chafing-dish for a period longer than a minuie. In 
a subseiiuent trial, at Paris, a fireman placed his 
bead in the middle of a large braiier filled witlfc 
flaming hay and wooii, as in Fig. 77, and resisted 
the actiou of the fire during five or six miuutea^ 
^ cad even ten minutes. 

I^Io the expeiimenis which were made at Pari* 
B. the presence of a committee of the AcadeniY "^ 
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Sciences, two parallel rowa of straw and bnishwof 
Buppnrted lij iron wires, were formetl at tlie d 
tance of three feet from ca.ch other, and extended 
thirty feet in length. Whea this combustible mass 
■K8B act on fire, it was necessary to stand at the 
distance of eight or ten yards to avoid the heat. 




The flames from both the rows seemed to fi 
the whole space between them, and rose t 
height of nine or ten feet. At this moment sii 
£remeD, clothed in the iucombustihle dresses, and 
inarching at a slow pace behind each other, re- 
peatedly paaied through the whole length between 
k the two TOWS of flame, which were constantly fed 
\vith additional coiiihMsUhles. One of the liremen 
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tried on his bacli a child eight years old. 



th metallic gaiize, aoA:! 
than a cap made of 'I 
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wicker-basket covereit 
the child Imd no other 
amian thine cloth. 

In February, 1929, a still more striking expe- 
jjanent was made in the yard of the barracks of 
'St. Gervais. Two towers were erected two atoriea 
h^h, and were surrounded with heaps of inflamed 
materiaU, consisting of fagots and straw. The 
firemen braved the danger with impunity. In op- 
position to the advice of M. Aldini, one of them, 
with the basket and child, rushed into a narrow 
place, where the tlames were n^jing eight yards 
nigh. The violence of the fire was so great that 
he could not be seen, while a thick black smoke 
Bpread around, throwing out a heat which was 
WDBupportable by the spectators. The fireman re- 
'""Bined so long invisible that serious doubts were 
_ itertained of his safety. He at length, however, 
{awed from the fiery gulf uninjured, and proud of 
having succeeded in braving so great a danger. 

It is a remarkable result of these experiments, 
that tlie firemen are able to breathe without diffi- 
culty in the middle of tlie flames. This effect ia 
* 'ing not only to the heat being intercepted by 
e-gau2e as it passes to the lungs, in conse- 
of which its temperature becomes support- 
lie, but also to the singular power which the 
ly possesses of resisiing great heats, and 
ftthing air of high temperatnres. 
A series of curious cxjieriments were made 
subject by M, Tlllet, in France, and by ] 
'ordyce and Sir Charles Blagden, in Englai 
>ir Joseph Banks, Dr. Solander, and Sir CI 
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r Blsgden entered a rnom in wliicli thi 
temperntuTe of 198° Fahr., and remained ten 
miiinteB; but ae the thermometer aunk very ra- 
pidly, they resolved tn enter the rnnm singly. 
JDr. Solander ■went in alone, and fniind the heat 
210", and Sir Joseph entered wheu the heat was 
2\1''. Thougli exposed to euch an elevated tem- 
perature, theirbodicB preserved their natural degree 
1 of heat. Whenever they breathed hjkjii a ther- 
L Hiomeicr it sunk several degrees : every espiration, 
I particularly if strongly made, gave a pkaBftu! im- 
f presaionofeoolnesB to their nostrils, andtheircold 
breath cooled their fingers whenever it reached 
them. On touching his side. Sir Charles Blagdes 
found it cold like a corpse, and yet the heat of his 
body under his tongue was 08°. Hence they con- 
cluded that the human body poasesses the power of 
deatrojring a certain degree of heat when commu- 
nicated with a certain degree of quickness. This 
power, however, varies greatly in different media. 
The same peTson who experienced no inconve- 
nience from air heated to 211°, could just bear 
rectified spirits of wine at 130°, cooling oil at 129°, 
cooling water at 123°, and cooling quicksilver at 
in". A familiar instance (rf this occurred in the 
heated room, All the pieces of metal there, even 
their watch-chains, felt so hot that they eouM 
eearcely bear to touch them for a moment, while 
the air from which the metal had derived all ila 
heat was only unpleasant. MM. Uulianiel and 
Tillet nbeerved, at Rochefoucault in France, that 
<he girls who were accustomed to attend ovens in s 
bakehouse, were capalde of enduring for ten mi- 
nutes a temperature of 210°. 
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The same gentlemen who performed the 
rimentB above deacrihed ventured to expose them- 
selves to still higher temperatiires. Sir Charles 
Bliigden went into a room where the heat wub 1" 
or 2° above 2fiO°, and remained eight minutes in 
this situation, frequently walking about to all the 
different parts of the room, but standing still most 
of the time in the coolest spot, where the heat was 
above 240°. The air, though very hot, gave na 
pain, and Sir Charles and all the other gentlemea 
were of opinion that they eould support a much 
greater heat. During seven minutes Sir C. Btlag- 
den's breathing continued perfectly good, but aftei 
that time he felt an oppresBion in his lungs, with a 
sense of anxiety, which induced liim to leave the 
room. His pijse was then 144, double its ordi- 
nary quickness. lu order to prove that there waB 
]io mistake respecting the degree of heat indicated 
by the thermometer, and that the air which they 
breathed was capable of prodnciog all the well- 
kiiowQ effects of such a heat on inanimate matter, 
they placed some eggs and a beef-steak upon a tin 
frame near the thermometer, but more dja taut from 
the furnace than from the wall of the room. In 
the space of twenty minutes the eggs were roasted 
quite hard, and in forty-seven minutes the steak 
was not only dressed, but almost dry. Another 
beef-steak, similarly placed, was rather overdone in 
thirty-three minutes. In the evening, when the 
heat was still more elevated, a third beef-steak was 
laid iu the same place, and as they had noticed that 
the effect of the hot air was greatly increased by 
putting it in motion, they blew upon the steak with 
a pnir of bellows, and thus hastened the dreaalu^ 
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of it to such a degree, that the greatest portion of 
it was found to be pretty well done in thirteen 
minutes. 

Our distinguished countryman, Mr. Chan trey, 
has very recently exposed himself to a temperature 
still higher than any which we have mentioned. 
The furnace which he employs for drying his 
moulds is about 14 feet long, 12 feet high, and 
12 feet broad. When it is raised to its highest 
temperature, with the doors closed, the thermo- 
meter stands at 350°, and the iron- floor is red hot. 
The workmen often enter it at a temperature of 
340°, walking over the iron floor with wooden 
clogs, which are of course charred on the surface. 
On one occasion Mr. Chantrey, accompanied by 
five or six of his friends, entered the furnace^ and, 
after remaining two minutes, they brought out a 
thermometer which stood at 320°. Some of the 
party experienced sharp pains in the tips of their 
ears, and in the septum of the nose, while others 
felt a pain in their eyes. 
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SpeHtaneoui cinniui/{o» — In Iht ahiarplion a/air bypomder^ 
ed ekareoril—aiid of li^rlrogmbg iponjj p/o/iitum— CoSffi 
lamp—SpoTllBneoiii ermbailwa la Ihe boKfU of 
prte rarlh— Banting ef if i— Burning ,oil—Ci 
riuilhaul ^(rme—SpoHlnarvut corBbutlton of human 
JCoimleti Znngnri—Orfice Pttl—Nahiral fire^i 

• Gutbrti—SponlQiteautJirft In the Caipian Sea — 
■ 0/ InJInmmatitt gai near OlmgBic—Nnlaral tigh^ 
W Mnae of Jtfornefljio — New etaitic JIuidt in (, 
wtf gem — Chemital oprration going on la their eavilitt—t 
~ ' int pTOduceil in lliea ftj htol — Remarkable 
BtAanget of mtour from cAemical cauirt^Efecli of Iha 
Bride or Paradiie gat viea brealbed — Remark- 
ft drteribtd — Concliaion. 

Among the wouderfiil phenomena which chemistry 
preseiitB to \\s, there are few more remarkable thau 
those of B])ontaneouB comhuBtion, in which bodies 
both animate and inanimate emit flamCB, and are 
sometimes entirely consumed by internal fire. One 
of the eommoiiest espcrimentB iu chemistry is that 
of producing inflammation by mising two fluids 
perfectly coid. Becker, we belieye, was the first 
person who discovered that this singular effect was 
produced by mixing oil of vitriol with oil of tur- 
pentine. Borrichios showed that aquafortis pro- 
duced the same effect as oil of vitriol. Tournefort j 
proved that spirit of nitre and oil of sassafras toat. I 
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fire when mised; and Homberg discovered that tlie 
same property waa possesBed by many volatile oils 
when mixed with spirit of nitre. 

Every person is familiar witli tlie phenomena of 
heat and 'combustion produced by fermentation. 
Ricks of huy and Btacks of com have been fre- 
qoendy conanraed by the heat generated during the 
fermentation produced from moisture; and gun- 
powder-niagaaines, bams, and paper-miUs, have 
been often burned by the fermentation of the mate- 
rials which they contained. Galen Informeus that 
the dung of a pigeon is sufScient to set fire to a 
^m house ; and he assures us that he has often eeea it 
^h take fire when it Lad become rotten. Casati like- 
^H wiae relates on good authority, that the fire which 
^H consumed the great church of Pisa wss occasioned 
^^h by the ilnng of pigeons that had for centuries built 
^^H their nests under its roof. 

^^H - Among the substances subject to apoataneous 
^^1^ combustion, pulverised or finely -powdered charcoal 
is one of the most remarkable. During the last 
thirty years no fewer than four cases of the spon- 
taneous inflammation of powdered charcoal liave 
taken place in France. When cTiarcoal is trilnrated 
HI tuns with bronze bruisers, it is reduced into the 
state ofthe finest powder. In thisconditionithaa the 
appearance of an unctuous fluid, and it occupies a 
space three times less than it does in rods nf about 
six ineliea long. In this state of extreme division 
it absorha air much more readily thsn it doea when 
in rods. Thia abaorption, which is so alow ue to 
I require several days for its completion, is accompa- 
I nied with a disengagement of heat, which risCB 
L fitim 340° to 360° nearly of Fahrenheit, and which 



DOBEREirTBR'S LAUP. 

Isithe true cbubc nf the spontaneoiif 
The inflaramation ciimmenceB near the centre a 
the mass, at the depth of five or sis inches henealll \ 
its Burface, and at this spot the temperature is 
ways higher than al any other. Black chareoHl, 
strongly cHBtilled, heats and inflames mnre easily 
than the orange, or that wliich is little distilled, or 
than the charcoal made iu boilers. The ninat in- 
flammable charcoal must have a mass of at least 
061ba. avoirdiipoia, in order that it may be suscep- 
tible of spontaneouH inflammation. With the other 
lees inflammable varieties, the inflammation takea 
place only in larger masses. ' i 

The inflammation of powdered charcoal is more ■ 
active in proportion to the shortneaa of theintervatj 
between its carbonization and trituration. The"^ 
free admission of air to the surface of the charcoal 
ia also indispensable to itsBpontaneouacombuation, 

Colonel Aubert, to whom we owe these interest- 
ing resulfs, likewise found that when sulphur and 
saltpetre are added to the charcoal it loses its power 
of inflaming Bpontaneoi Ij fl th re is atill 

an absorption of air and g n rat t beat, he ia 
of opinion that it would n b prud to leave . 
these mixtures in too la r n aft r tritura- J 

A species of spontan mb ti perfectly J 

aualngoHS to that now d h d b I p duccd al 
most instantaneously, w d d by Professo 

DobereinerofJeua,inl824 H f dthatwhen* 
jet of hydrogen gas was h i re ently p 

pared spongy platinnm, the metal became almoi 

" See Edinburgh' Journal of Science, Ne" 
P-274. 
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instantly red hot, and set fire to the gas. In this , 
case the minutely divided platinum acted upon the 
hydrogen gas, in the same manner as the minutely 
divided charcoal- acted upon common air. Heat 
and combustion were produced by the absorption of 
both gases, though in the one case the effect was 
instantaneous, and in the other was the result of a 
prolonged absorption. 

This beautiful property of spongy platinum was 
happily applied to the construction of lamps for 
producing an instantaneous light. The form given 
to the lamp by Mr. Garden of London is shown 
in the annexed figure, where A B is a globe of 

Fig. 78. 




glass, fitting tightly into another glass globe C D 
by a ground shoulder m n. The globe A B termi- 
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^mfttee in a hollow tapering neck m no p, nn the \ 
lower end of which ia placed a Email cylinder of 
zinc o p. A braes tube a b c, is fitted at a into the 
neck of the globe C D, and through this tube, 
which is furniBhed with a stop-cock 3, the gas can 
escape at the small aperture c. A brass pin f /, 
carrying a Lraea box P, is made to slide through a 
hole /i, so that the bruss box P, in which the spongy 
platinum is placed, can be set at any required dis- 
tance from the aperture c If sulphuric acid di- 
luted with an equal quantity of water is now poured 
into the vessel A B by its mouth at S, now closed 
with a stopper, the fluid will descend through the 
tulie m n p, and if the cock d is shut, it will 
compress the air contained in C D. The dilute acid 
thus introduced into C D will act upon the ring of 
zinc o p, and generate hydrogen gas, which, after 
the atmospheric air in C D is let off, will gradually 
fill the yefisel C D, the diluted acid being forced up 
the tube p m n, into the glass globe A B. The 
ring of zinc o p floats on a piece of cork, so that 
when C D is full of hydrogen, the diluted acid does 
not touch the zinc, and consequently is prevented 
from producing any more gas. The instant, how- 
ever, that any gas is let off at c, the pressure of 
the fluid in the globe A B, and tube m n op, over- 
comes the elasticity of the remaining gas in C D, 
and forces the diluted acid up to the zinc o y, so 
as to enable it to produce more gas to supply what' ; 
has been used. 

The lamp being supplied with hydrogen in the ■ 
mannernow described, it is used in the following 
manner. The spongy platinum in P being brought 
near c, the cock d s turned, and the gas is tbionTi < 
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Upon the platinum. An intense heat is immediate 
produced, the platinum becomes red hot, and tl 
hydrogen inflames. A taper is then lighted at tl 
flame, and the cock d is shut. Professor Cumminj 
of Cambridge, found it necessary to cover up tl 
platinum with a cap after every experiment. Th 
ingenious chemist likewise found, that, with plat 
num foil the 9000dth part of an inch thick kept i 
a close tube, the hydrogen was inflamed ; but whe 
the foil was only the GOOOdth of an inch thick, 
was necessary to raise it previously to a red heat. 

Spontaneous combustion is a phenomenon wliic 
occurs very frequently and often to a great extei 
within the bowels of the earth. The heat by whic 
it is occasionexi is produced by the decompositio 
of mineral bodies, and other causes. This heat ii 
creases in intensity till it is capable of melting tl 
solid materials which are exposed to it. Gases an 
aqueous vapours of powerful elasticity are gen( 
rated, new fluids of expansive energy imprisoned i 
cavities under great pressure are set free, and tlies 
tremendous agents, acting under the repressin 
forces of the superincumbent strata, exhibit the 
power in desolating earthquakes ; or, forcing the 
way through the superficial crust of the globe, the 
waste their fury in volcanic eruptions. 

"When the phenomena of spontaneous combus 
tion take place near the surface of the earth, its el 
iccts are of a less dangerous character, though the 
frequently give birth to i^crmanent conflagrations 
which no power can extinguish. An exam])le c 
this milder species of spontaneous combustion ha 
been recently exhibited in the burning cliff at Wey 
mouth ; and a still more interesting one exists a 



COMBITSTION 

Flhis moment nesr the village of firadley, in Sta^l 
iJbrdehire. The earth is here an fire, and this tire 
B continued for nearly aisly years, and. has re- 
BisBted every attempt that has been made to extiti' 
] guisli it. This tire, which has reduced many acres 
of land to a mere calx, arises from a burning stra- 
tum of coal about four feet thick and eight or ten 
yards deep, to which the air has free access, in 
consequence of the main coal having been dug 
^from beneath it. The surface of the ground is 
etimes covered for many yards with such quan- 
X of sulphur that it can be easily gathered. The 
X baa been found to be an excellent matnial 
: the roads, and the workmen who collect it 
n find lai^e beds of alum of an excellent quality. 
A sii^Tdai species of invisible combustion, or of 
jprnbustion without flame, has been frequently no- 
iced. I have observed tliis phenomenon in the 
■ionall green wax tapers in common use. When 
"a flame is blown out, the wick will continue red 
t for many hours; and if the taper wore regu- 
prly and carefully uncoiled, and the room kept free 
'tora currents of air, the wickwould hum on in this 
ny till the whole of the tapei' is consumed. The 
e effects ate not produced when the colour of J 
was is red. In this experiment the wick, aftejt-f 
e flame is blown out, has sufficient heat to co»i> J 
fit tlie was into vapour, and this vapour, beine 
^sumed without florae, keeps ihe wick nt its » 
pat. A very disa^ecablc vapour is pioduofi 
Ibring this imperfect combustion of the wax. 
. Erof. Dobereiner, of Jena, observed that, t 
f^a alcohol in n spirit of wine lamp was nearly e 
lusted, the wick became carbonized, and ihou 
i flame disappeared, the ctirlKiiu;K4.'^vk.\.G£.'^ 
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wick became red hot, and continued so while a 
drop of alcohol remained, provided the air in 
tlie room was undisturbed. On one occasion the 
wick continued red hot for twenty-four hours, and 
a very disagreeable acid vapour was formed. 

On these principles depend the lamp without 
flame which was originally constructed by Mr. Ellis. 
It is shown in the annexed figure, where A B is 

Fig, 79. 




the lamp, and h a cylindrical coil of platinum wire, 
the hundredth part of an inch in diameter. This 
spiral is so placed that four or five of the twelve 
coils of which the cylinder consists are upon the 
wick, and the other seven or eight above it. If the 
lamp is lightetl, and continues burning till the cy- 
lindrical coil is red hot, then if the flame is blown 
out, the vapour which arises from the alcohol will 
by its combustion keep the coils above the wick 
red hot, and this red heat will in its turn keep up 
the vaporisation of the alcohol till the whole of the 
alcohol is consumed. The heat of the wire is al- 
ways sufficient to kindle a jnece of German fungus 
or sfaltpetre paper, so that a sulphur match may at 
^ly time be lighted. Mr. Gill found that a wick 
^ij)osc'd of twelve threads of the cotton yam com- 



monly used for lamps ivill require lialf anonnceof 1 
alcohol to keep the wire red hot for eight houra. i 
This lamp Iiaa been kept buraicg for sixty he 
but it can scarcely be recommentled for a 
room, as an acid vapoiir ia disengaged daring the 1 
burning of the alcohol. When perfumes are dis- I 
solved ill the alcohol, they are diffaBed through 1 
the apartment during the slow combustion of the I 
vapour. 

A BpeclcB of combustion without flame, and I 
analogous to that which haa been deacribed, it 1 
exhibited in the extraordinary phenomenon of tha f 
apontaneouH combustion of living bodies. That ' 
animal bodies are liable to internal combustion is 
a fact which was well known to the ancieuts. 
Many cases which have been adduced sb exam- ■ 
pies of spontaneous combustion are merely cases of i 
individuals who were highly Busceptible of strong 
electrical excitation. In one of these cases, how- 
ever, Peter Bovisteau asserts, that the sparks 
fire thus produced, reduced to ashes the hair of 8 
young man ; and John de Viana informs us, that 
the wife of Dr. Freilas, physician to the Cardinal 
de Royas, Archbishop of Toledo, emitted by per- 
spiration an inflammable matter of such a nature, 
that when the ribbon which she wore over her shift 
was taken from ber, and exposed to the cold air, 
it instantly took fire, and shot forth like grains of 
gunpowder. Peter Borelli has recorded a feet of 
the very same kind respecting a peasant whose linen 
took fire, whether it was laid up in a box when 

twet, or hung up in the o])en air. The same au- 
Hior speaks of a woman who, when at tiie point of 
death, vomited flames; and Thomas BarthoUo. 
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]>1ieuunieTiOLi as bnving often ll^^l 
peued to persima whi> were great driukers of ninn 
or brandy, Ezekiel de Castro mentions the sin- 
gular case of jUexaiidritiuB Megetius, a physician, 
fioni one of whose vertebrie there issued a fire 
which scorched the eyes of the beholders; and 
KranUiits relates, that during the wars of Godfrey 
of Boulogne, certain people of the territory of 
Nivers were burning with invisible fire, and that 
some of them cut off a foot or a. hand where the 
burning began, iu urder to arrest the calamity. 
Nor have these effects been conlined to man. la 
the time of the Roman consuls Gracchus and Ju- 
vetitius, a tlame is said to have issued from the 
mouth of a bull without doing any injury to the 
animal. 

The reader will judge of the degree of credit 
which may belong to these narrations when he 
examines the etTects of a similar kind which have 
taken place in less fabulous ages, and nearer our 
own times. John Henry Cohausen informs us, 
that a Polish gentleman in the time of the Queen 
Bona SfoTza, having drunk two dishee of a liquor 
called brand y-wijie, vomited flames, and was 
burned by thtm, and Thomas Bartholin' thus dc- 
aeribcs a similar accident: " A poor woman at 
Fans used to drinlcspiritof wine plentifully for the 
■pace of three years, so as to take nothing eUe- 
Her liody contracted such a combustible dispa* 
sition, that one night, when slie lay down on a 
straw couch, she was all burned to ashes except 
her skull and the estremities of her fingers." 
'^ohu Christ. Sturmius informs us, in the German 
Acta Medics et FhilosoiiUica BafiiieiuiB, 1673. 
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^^^hemerideg, that in the nurthern i^ouiitries of 
Europe flameB often evaporate from the stomachi 
of those who are addicted to the drinking of strong 
liquors ; and he adda, " that seventeen years be- 
fore, three noblemen of Courland drank bv emula- 
tion strong liquors, and two of them died Bcorched 
and Euffocated by a flame which issued from their 
stomach." 

One of the most remarliahle cases of aponta- 
aeous combustion ia that of the Countess Comelift 
Zangari and Bandi of Cesena, which has beea 
minutely described by the Reverend Joseph Bian^ 
chini, a prebend in the city of Verona. This ladj^. 
who was in the sisty-second year of her age, r«* 
tired to bed in her usual health. Here ehe spenCj 
above three hours in familiar conversation wtA 
her maid, and in saying her prayers r and having 
at last &11en asleep, the door of her chamber vras 
shut. As her maid was not summoned at the 
usual hour, she went into the bed-room to wake 
her mistress ; but receiving no answer, she opened 
*thc window, and saw her corpse on the floor in 
the most dreadful condition. At the dintance of 
four feet from the bed there was a heap of ashea. 
Her legs, with the stockings on, remained ua-- 
touched, and the head, half bnmed, lay betweew 
them. Neatly all the rest of the body waa r»-J 
duccd to ashes. The air in the room was chained 
with floating soot. A small oil-lamp on the floor 
was covered with ashes, but had no oil in it ; and 
in two candlesticks, which stood upright upon & 
ible, the cotton wick of both the candles was lel^- 
i the tallow of both had disappeared. The ' 
injured, and the blanket^ and sheets v 
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raieeil nil one side, as if a person haO risen ^9 
from it. From an examination of ail the circum- 
Blances of this case, it has been generally suppoaed 
that an internal comhuation had taken place; that 
the latly had risen from her bed to cool herself, 
and that, in her way to open the wmdow, the 
combustion had overpowered her, and consumed 
her hody by a process in which no flame was pro- 
duced wliich could set fire to the furniture or the 
, floor. The Marquis Scipio MafFei was informed 
by an Italian nobleman who passed through Ceeena 
a few days after this event, that he heard it stated 
in that town, that the Countees Zaugari was in 
the habit, when she felt herself indisposed, of 
waaliiug all her body with camphorated spirit of 

So recently as 1 144, a similar example of spon- 
taneous combustion occurred in our own country, 
&t Ipswich. A fisherman's wife, of the name of 
Grace Pett, of the parish of St. Clement's, had 
been in the habit for several years of going down 
stairs every night, after the was half undressed, 
to smoke a pipe. She did this on the evening of 
the 9th of April, 1144. Her daughter, who lay 
in the same bed with her, had fallen asleep, and 
'did not miss her mother till sbc awaked early in 
the morning. Upon dressing herself, and going 
down stairs, she found her mother's body lying 
on the right side, with her head against the grate, 
and extended over the hearth, with her legs on 
the deal floor, and appearing like a block of wood 
burning with a glowing fire without flame. Upon 
quenching the fire with two howls of water, the 
""leiglibouTB, whom the cries of the daughter had 
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brought in, were almost Btified with the Bmell.j 
The trunk of the unfortunate ivoman was almost, 
burned to aehee, and appeared hke a heap of char- 
coal covered with white a-hes. The head, arras, 
lege, and Lbighs, were idao mucli burned. There 
was no fire whatever in the grate, and the candle J 
was burned out in the socket of the candlestick, 
which Etood by her. The clothes of a child otl;.! 
one side of her, and a paper screen on tlie other J^ 
were untouched; and the deal floor was i 
singed nor discoloured. It was said that 1 
woman had drunk plentifully of gin overnight i 
welcoming a daughter who had recently returned 
from Gibraltar. 

Among the phenomena of the natural woild| 
■which are related to those of spontancouB combuM 
tion, are what have been called the natiuml lire^ 
temples of theGuebres, and the igneoua phenCK 
mena which are seen in their vicinity. The an' 
cient sect of the Guebres or Parseea, distinguiaha 
from all other sects ns the worshippera of fire 
had their origin in Persia; but, being scatterod 
by persecution, they sought an asylum 
fihorea of India. Those who refused to expatrii _ 
themselves continued to inhabit the shorcH of tlio 
Caspian Sea, and the cities of Ispahan, Yezd, and 
Kemian. Their great fire-temple, called At tush 
Kudda, stands in the vicinity of Badku, one of 
the largest and most commodious ports in the 
Caspian. In the neighbourhood of this town the 
earth is impregnated with naphtha, an inflam- 
mable mineral oil, and the inhabitants have 
other fuel, and no other hght, but what is derive( 
from this suhstauce. 
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The leinBins of the ancient fire-teinplee t^ fl 
Guebrea &re still visible about ten niilee t 
nortb-eofit of the town. The temple in which the 
Deity is worEliipjied under the form of fire is a 
vpatx about thirty yartle square, eurrouniled with, 
a low wall, and containing many apartments. la 
CRch of these a small volcano of EulpbureouB fire 
isEucefrom tlie ground through a furnace or fnnnd 
in the sliape of a Hindoo altar. On dosing tlic 
fiinncl, the iire is instantly extingutehed ; and by 
nlaciDg the ear at the aperture, a hollow sound is- 
oeard, accompanied with a strong current of cold 
sir, which may be ligbted at pleasuic by holding 
to it any burning substance. The flame is of a 
pale, clear colour, without any perceptible smoke, 
and emits a highly sulpbureouH vapour, which 
impede respiration, unless when the mouth is kept 
beneath the level of the furnace. This action on 
the lungs gives the Guebres a wan and emaciated 
appearance, and oppresses them with a liectic 
oough, which Etrangers also feci while breathing 
ihis insalubrious atmosphere. 

For about two miles in circumference, round the 
^ncipal fire, the whole groimd, when scraped to 
the depth of two or three inches, has the singular 
property of being inflamed by a burning coal, ia 
this case, however, it does not communicate fire 
to the adjacent ground : but if the earth is dug 
up with a spade, and a torch brought near it, an 
extensive but instantaneous conflagration takes 
place, in which houses have often been destroyed, 
and the lives of the people exposed to imn: ' 

When the skv is clear and the weather si 
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e Ejiriugs ilk tlieir eliullitlou do not tise hlghe 
(liftii two or three fcet ; but in gloomy weather, 
and during the prevalence of stormy clouds, the 
springs are in a state of the greatest eb\illitioii, and 
the naphtha, which often takes fire spontaneously 
at the earth's surface, flows burning in great quaii' 
titieB to the sea, which is fretjuently covered wifl 
it, in a eCate of flame, to the distance of eeverd^' 
leagues from the shore. 

Besides the fires in the temple, there is a. largS' 
one which springs fi-om a natural cliff in an opelt- 
situalion, and which continually burns. The 
neral s])ace in which this volcanic fire ia most 
abuudant is snmewhat less than a mile in circuit. 
It forms a low flat hill, sloping to the sea, the soil 
of wbich is a sandy earth, mised with stones. 
Mt. Forater did not observe any violent eruption 

I vS flame in the country around the Attush Kudda ; 

ybat Kinneir informs us, that the whole country 

■ xvundBadkuhas at times the appearance of being 

■ ^vi^loped in Dames. " It often seems," he adds, 
\jf as if the fire rolled down from the mountains in 
I large masseg, and with incredible velocity; and 

ing the clear moonshine nights of November 
i Uiecember, a bright blue light is observed at 
:r the whole western range. The f ' " 
iBume ; and if a person finds himi 
B the middle of it, no warmth is felt." 
The inhabitants apply theie natural fires 
I'domestic purposes, by sinking a hollow cane 
■merely a tube of paper, about two inches in \ 
v^ffrcnaxA, and by blowing upon a burning coal Ik 
7' crar the oriGce of the tube, there iasues a sligU 
which neitlier burns the cane nor the paj " 
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'£y means nf tLeee cbiicb or pajier tubes, from 
which the iiie issuee, the inhabitants boil the 
eir co£fee-urnE, and even cook different 
articles of food, The flame is put out hy merely 
pluggibg up the orifice. The same tubes are 
employed for illuminaling houses tbut are not 
paved. The Emcll of nuphtha is of course diffuBed 
through the house; hut after any person is accus- 
tomed to il, it ceases to be disagreeable. The 
inhabitauLs also employ this natural tire in cal- 
cining lime. The (juantity of naphtha procured 
in the plain to the south-east ofBadku is enor- 
mous. It is drawn from wells, some of which 
yield from 1000 to laOOlbs, per day. As soon 
as these 4¥ellB are emptied, they 611 again till the 
naphtha rises to its originul level *. 

Inflammable gates issuing from the earth have 
been used both in the old and the new world for 
domestic purposes. In the lalt mine of Gottes- 
gabc, at Uheiuis, in the county of Feckleuburg, 
there is a pit called the Pit of the Wind, from 
-which a constant current of in'tiammable gas has 
issued for sixty years. M. Boeder, the inspector 
of the mines, has used this gas for two years, not 
only as a light, but for all thepurposeE of domestic 
economy. In the pits which are not worked, he 
collects the gas, and conveys it in tubes to hii 
house. It burns with a white and brilliant flame, 
has a density of about 0.66, and contains traces 
of carbonic acid gas and sulphuretted hydrogen t. 

Near the village of Fredonia, in North America, 
on the shores of l^ke Eric, are a number of bum- 
See Fun.ltr'» TravelBjauil Kinneit'«««og. Menu 
f EdiiiburgU Juutiial u( Sdsase, No. »v. ' '"' 
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g BpringB ae they are called. The 
B which issues from these springB is 
npes to the villagE, which is actually lighlcd 

■ In the year 1828, a copious spring of inflam- 
_ia was discovcTEd in Scotland, in the hed 
^a rivulet wliicli crosses the north road between 
lasgow and Edinburgh, a little to the east of the 
Bventh mile-atone from Glasgow, and only a few 
hundred yards from the house of Bcdtay. The 
gas is Eaid to issue for more than half a mile along 
the banks of the rivulet. Dr. Thompson, who has 
analysed the gas, saw it issuing only within a 
space about fifty yards in length, and about half as 
rouch in breadth. " The emissloa of gas was 
visible in a good many places along the declivity 
to the rivulet in the immediate neighbourhood of 
a small farm-house. The farmer had set the gas 
on fire in one place about a yard square, out of 
which a great many small jets were issuing. It 
had burnt without interruption during five weeka, 
and the soil (which was clay) had assumed tbs 
appearance of pounded brick ail around. 

" The flame was yellow and strong, and resem- 
bled "perfectly the appearance which carburetted 
kyiirngcn ijas or fire damp presents when burnt 
in daylight. But the greatest issue of gas was 
in the rivulet itself, distant about twenty yards 
from the place where the gas was burning. The 
rivulet, when I visited the place, was swollen and 
muddy, so as to prevent its bottom from being seen. 
But the gas issued up through it in one place with 
great violence, as if it had been in a stale of com- 
■ Eiliabucgh Journal of Scienci', No. ilv. p. IDS. 
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prT'esion under the eiiiface of the earth ; and j^^H 
uiickneEB of the jet could not be less than two B^^^ 
three inches in diHineter. Wc Bet the gas on Gre 
as it issued through the water. It burnt for some 
lime with a good deal of splendour ; but aa tiie 
rivulet was swollen, und niahing along with great 
impetuosity, the regularity of the issue was neccs- 
•arily disturbed, and the gas wag extinguished." 
Or. Thompson found this gas to consist of two 
Toliiines of hydrogen gas, and one volume of va- 
pour of carbon; and as its specific gravity was 
0.555, and as it issues in great abundance, he 
remarks that it might be used for filling air-bal- 
loons. "Were we assured," he adds, " that it 
would continne to issue in as greet abundance ai 
M present, it might be employed in lighting the 

P streets of Glasgow."* 
A very curious natural phenomenon, cnllerl the 
liMniem tir Natural lAghlhimse of Muracavlw, 
das been witnessetl in South America. A liright 
^ght is seen every night on a mountainous and un- 
inhabited spot on ibehanksoftheriverCatfttumbo, 
near its junction with the Sulia. It is easily dis- 
tinguished at a greater distance than forty leagues, 
and Bs it is nearly in the meridian of the opening 
of the Lake of Maracaybo, navigators are guided 
by it as by a lighthouse. This phenomenon is 
not only seen from the sea-coast, but also from the 
interior of the country — at Mcrida, for example^ 
where M. PalaciosohBerved it for two years. Some 
persons have ascribed this remarkable phenomenon 
■■" I thuuder-storm, or to electrical explosions 
iiirgU Journal off^cience, No. I. New Series, p. 
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r^irincb might take place daily in a pass in the 
mouataisE ; and it has even been asserted, that 
the rolling of thunder is heard by those who ap- 
proach the f\mL Otherg suppoBe it to he an air 
volcano, like those on the Caspian Sea, and that it 
is caused by asphaltic soils hke those of Mena. It 
is more probable, however, that it is a sort of car- 
buretted hydrc^en, as hydrogen gas is disengaged 
from the ground in the same district.* 

Grand as the chemical operations arc which are 
going oa in the great laboratory of Nature, and 
alarming as their effects appear when they are dis- 
played in the terrors of the earthquake and the vol- 
cano, yet they are not more wonderful to the phi- 
losopher than the minute though analogous opera- 
tions which are often at work near our own persons, 
unseen and unheeded. It is not merely iu the 
bowels of the earth that highly eipatiBive elements 
are imprisoned and restrained, and occasionally 
called into tremendous action by the excitation 
of heat and other causes. Fluids and vapours of a 
similiir character exist in the verj' gems and (we- 
cious stones which science has contributed to lus- 
ury and to the arts. 

In examining with the microscope the struetvtre 
of mineral bodies, I discovered in the interior of 
many of the gems thousands of cavities of various 
forms and sizes. Some had the shape of hollow 
and regularly formed crystala ; others possessed the 
most irregular outline, and consisted of many cavi- 
ties and branches united without order, but dl com- 
municating with each other. These cavities some- 
limes occurred singly, but most frequently in group" 

• IluiDlwJdf H Personal Marralive, Vol. 17. p. 254, 
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forming atrata of cavities at t 
fttid at another time curved. 
were often found in the Hame specimen, eometiioes 

iiarHllel to each other, at other times inclined, and 
brming all varieties of angiee with the faces of the 
i original crystal. 

Tbe«e cavities, which occurred in sapphire, cliry- 
tobaryl, topaz, beryl, quartz, amethyst, peridot, 
and other Bubetances, were sometimes eumcicntly 
j large to be distinctly seen by the naked eye, but 
WOBt frequently they were so small as to require a 
high magniiying power to Uc well Geen, and oftea 
they were so exceedingly minute, that the highest 
magniijiiig powers were unable to exhibit their 
outline. 

Thegreater number of these cavitie9,whetheT large 
or small, contain two new fluids different from any 
hitherto known, and possessing remarkable physi- 
cal properties. These two fluids are in general 
perfectly transparent and colourless, and they exist 
in the same cavity in actual contact, without mix- 
ing together in the slightest degree. One of them 
espands thirty times more than water, and at a tem- 
perature of about SO" of Fahrenheit it expands so as 
to fill up the vacuity in the cavitj'. Thia will be un- 
derstood from the annexed figure, where A B CD ie 
Fig.m. 
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Sic cavity, mnp o the highly expansible fluid in 
(hich at low tenipcratureB there is always a vacui^' 
", like an air-b\ihble in common fluids, and Amn, 
p, the second fluid occupying the angles Aand C. 
~hen heat such as that of the hand is applied to 
e specimen, the vacuity V gradually contracts in 
wze, and wholly vanishes at a temperature of about 
80°, as shown ill Fig. 81. The fluids arcshaded, as 
n diese two figures, when they are seen by light 
sflected from their surfaces. 

Fig. 81. 




[ When the cavities are large, as in Fig. 82, com 
ued with the quantity of expansible fluid mnp 
[be heat converts the fluid into vapour, an tm 

Fig. 82. 
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which is ihown by the circular cnvity V becoming 
lar^tcr and lai^n till it Alia the whole space vi n o p. 
When any of these cavities, whelhcr lliey are 
filled with fluid or with vapour, ia allowed to cool, the 
vacuity V tcappeara at a. certain temperature. In 
the fluid cavities the fluid coutracts, aud the enuill 
k vacuity appears, which grows Isrger and larger till 
I it resumes its original sizs. When tlie cavities are 
large, several small vacuities make their appearance 
and gradually unite into one, though thL'y some- 
times remain separate. In deep cavities a very re- 
markable phenomenon accompanies the reappear- 
ance of the vacuity. At the instant that the fluid 
has acquired the temperature at which it quits 
the sides of the cavity, an efferveacence or rapid 
ebullition takes place, and the transparent cavity 
is for a moment opaque, with an infinite number of 
. minute vacuities, which instantly unite into one 
r that goes on enlarging as the temperature dimi* 
' nishes. In the vapour cavities ihu vapoui is 
reconverted by the cold into fluid, and the vacuity 
V. Fig. 82, gradually contracts till all the vapotw 
has been precipitated. Tt is curious to observe, when 
a jjreat number of cavities are seen at once in the 
field of the microscope, that the vacuities all dis- 
appear and reappear at the same instant. 

While all these changes are going on in the ex- 
pansive fluid, the other denser fluid at A and C, 
Fig. 80, 8 1, remains unchanged either in iia form 
or magnitude. On this account I experienced con- 
siderable difficulty in proving that it wa» a fluid. 
The improbability of two fluids existing in a trans- 
parent state in absolute contact, without mixing in 
i slightest degree, or acting upon each other. 



[ fcduced many persons to whom I showed the phe- 



aider the linee n 



>, Fig. 80, ai J 



as a. partitiou in the cavity, or the spaces A m 71, a n 
C, either as hlled with solid matter, c 
into which the expanding fluiil would not peuetrata. I 
The regular curvature, huwever, of the Iwuridary 
line m/iop, and other facts, rendered these aiippo- 
aitions untenahSe. 

This difSculty was at last entirely removed by 
the discovery of a cavity of the form ehowu in 
annexed figure, where A, B, and C, are three p 
tiona of the expansible fluid separated hy the inter- J 




position of the second fluid DEF. The first por- J 
tion A of the expansible fluid had four vacuitien 
V, X, Y, Z, while the other two portions B, C,] 
had no vacuity. In order to determine if the \ 
euities of the portions B, C, hod passed over to 
I took an accurate drawing of the appearances at 
a temperature of 50", as shown in the figiir 
I watched the changes which took place in raising 
the temperature to 83°. The portion A gradually 
expanded itself till it filled up all the four v; 
V, X, Y, and Z, hut a- •"■ ■'•"- " <" 



1, C, had n 



pushing back the Bupposed second fluid DEI 
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^^m TluB effect actually took place. The dense 'jj 

^^M quitted the side of the cavity at F. The two portioi . 

^^H B, C, of the expansible fluid iastantly united, and 

^^H the dense fluid having retreated to the limit m n 

^^B n 0, its other limit advanced to p q r, thus proving 

^^H it to be a real fluid. This experiment, nhich I 

^^H bave often shon'n to others, involves one of those 

^^B rare combinations of circumstances which nature 

^" Bometimes presents to ns in order to illustrate her 



s presents 

most mysteriouB operations. Had the portions 
B, C, been accompanied, as is usual, vith their 
Tacuities, the interjjoaed fluid would have remained 
immoveable between the two equal and opposite 
expansions ; hut owing; to the accidental circuru- 
stancc of these vacuities having passed over into 
the other branch A of .the cavity, the fluid yielded 
to the difference of the espansive forces between 
which it lay, and thus exhibited its fluid character 



these cavities narrowly, we 
ually little laboiatories, in ' 




whioli chemical operatians are conataiitly going ou, \ 
and beautiful uptical phenomena continuall; dis- 
playing theniselvea. Let A B D C, for example, be 
the BUmmit of a crystallized cavity in tnpaz, S S 
representiug the deuse, N N the expansible fluid, 
bounded by a circular line abed, and V V the 
vacuity in the new fluid, bounded by the circle e f 
g h. If the face A B D C is placed under a com- 
pound microscope, eo that light may be reflected 
at an angle less than that of total rcficsion, and if 
the observer now looks tbrougli the microscope, the 
temperature of the room being 50°, he will see the 
Eecand fluid S S Ehining with a very feeble reflected 
light, the dense fluid N N with a hght perceptibly i 
brighter, and the vacuity V V with a light of eon* \ 
siderabk brilliancy. Tlie boundaries abed, ef 
r//(, are marked by a well-dcHned outline, and also 
by the concentric coloured rings of thin plates 
produced by the estrcme thinnefis of each of the 
fluids at their edges. 

If the temperature of the room is raiBetl slowly 
to 5S°, a brown spot will appear at j: in the centre 
of the vacuity V V. This spot indicatea the com- 
mencement of evaporation from the expansible 
fluid bcluw, and arises from the partial precipitation 
of the vapour in the roof of the cavity. As the 
heat increases, the brown spot enlarges and becomes 
very dork. It is then succeeded by a white spot, 
and one or more coloured rings rise in the centre J 
of the vacuity. The vapour then seems to form % 
drop, and all the rings disappear by retiring l< 
centre, but only to reappear with new lu 
During t!ie application of heat, the circle efg h 
contracts and dilates like the pupil of the c 



When ibe vaporiztttion is bo feeble bb to produce 
only a BUigle ring of oue or two ttnte of the second 
order, they rauitsh inetantly by breathing: upon the 
crystnl ; but wben the alight heat of the breath 
readies the fluid, it throws off fresh vapour, and 
the ringB again appear. 

If a drop of ether is put upon the crystal when 
tlie rings are in a state of rapid play, the cold pro- 
duced by itB evaporation cauBCa them to disappear, 
till the temperature again rises. Wben the tem- 
perature IB perfectly uniform, the rings are sta- 
tionary, as shown between V and V in Fig. 84 ; and 
it is interesting to observe the first ring produced 
by the vapour swelling out to meet the first ringat 
tlie mai^n of the fluid, and BomettmeB coining so 
near it that the darkest parts of both form a broad 
black band. As the heat increases, the vacuity V 
Y diniiuIsheB and disappears at 19°, exhibiting 
many turioiis phenomena, which we have not room 
to describe. 

Having fallen upon a method of opening the cavi- 
ties, and looking at the fluids, I was able to examine 
their properties with more attention. When the 
«zpausible fluid iirst rises ii-om the cavity upon the 
surface of the topaz, it neither remains still like tbe 
fixed oils, nor dteappearB like evaporable fluids. 
Under the influence, no doubt, of heat and moisture^ 
it is in a etatc of constant moiion, now spreading 
itself on a thin plate over a large Eiirface,andninr 
contracting itself into a deeper and much Ivss ex- 
tended drop. These contractions and extenEiatu 
*re matbed by very beautiful optical phenomena. 
When the fluid has stretched itself out into a thin 




lilale, it ceaaea Ut reflect light like the thinneBt jiart 
of tlie Buap-bubble ; and when it ia again accui 
lated into a thicker drop, it is covered witli the 
loured rings ot' thin plates. 

After perfonuing these motionB, which hoi 
times last for ten minutes, the fluid suddenly 
diBuppeare, and leaves behind it a Bort of granular 
residne. When examining this with a elngle mi- 
croscope, it again started into a flnid Btate, and 
extended and contracted itself as before. This was 
owing to the humidity of the hand which held the 
microscope, and I have been able to restore by 
moisture the fluidity of these grains twenty days 
after they were formed from the fluid. This portion 
WBB shown to the Rev. Dr. Fleming, who remarked, 
that, had he observed it accidentally, he would 
have ascribed ite apparent vitality to the movements 
of some of the animals of the genua Planaria. 

After the cavity has remained open for a day or 
two, the dense fluid comes oat and quickly hardens 
into a transparent and yellowish resinous-looking 
fiubstance, which absorbs Rioifltnre, though with 
less avidity than the other. It is not volatilized 
by heat, and is insoluble in water and alcohol. It 
readily dissolves, however, with efferveficence itt 
the sulphuric, nitric, and muriatic acids. The Te» 
sidue of the expansible fluid is volatilized by heatj 
and is dissolved, but without effervescence, in i ' ' 
above-mentioned acids. The refractive power 
the dense fluid is about 1.295, and of the expai 
Bible one 1.131. 

The particles of the dense fluid have a very' 
powerful attraction for each other and for im 
mineral which contains them, while those of tbfc 
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GXpanaible fluid lia.ve a very eliglit attraction t 
one anuther, and aleo for the eubstancc of thft 
mineral. Hence the two fluids never mis, the 
dense fluid being attracted to the angles of angu- 
'ee, or iUliiig the narrow necks by which, 
two cavities commmiicate. The espansiljle fluid, 
on the other hand, fills the wide parts of the cavi- 
ties, and in deep and round cavities it lica above 
the dense fluid. 

When the dense fluid occupies the necka which 
join two cavities, it jierforms tlie singular Ainctioa 
of a fluid valve, opening and shutting itself accord- 
ing to the ex[)ausionB or contractions of the other 
fluid. Tbe/ut'rf valves thus exhibited in action 
may suggest some useful hints to the mechanic 
and the philosopher, wliile they afford ground of 
curious speculation in reference to the functions 
of animal and vegetable bodies. In the larger 
organizations of ordinary animals, where gravity 
must in general overpower, or at least modify, the 
infl.uence of capillary attraction, such a mechanism 
is neither necessary nor apjiropriate ; but, in the 
lesser functions of the same animals, and in almost 
all the microscopic structures of the lower world, 
where the force of gravity is entirely subjected. to 
the more powerful energy of capillary forces, it ia 
extremely probable that the mechanism of immis- 
cible fluids and fluid valves is generally adopted. 

In several cavities in minerals I have found crya- 
tallised and other bodies, sometimes transparent 
crystals, sometimes black spicular crystals, ami 
Bometimcs black spheres, idl of which are moveable 
'"' 'i the cavity, lu some cavities the two new 
occur in an indurated state, and others I havQ 
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found to be lined witli a powdery matter. This 

last class of cavities occurred in topaz, and they 
were distinguished from all others by the extraor- 
dinary beauty and Bymmetry of their form. One 
of these cavities represented a finely ornamented 
sceptre, and, what is still more singular, the dif- 
ferent parts of which it is composed lay in diflfer- 

When the gem which contains the highly ex- 
pansive fluid is strong, and the cavity not near 
the surface, heat may be applied to it without 
danger; but in the course of my experiments on 
this subject, the mineral has often burst with n. 
tremendous explosion, and in one case wounded 
me on the brow. An accident of the same kind 
occurred to a gentleman who put a crystal into 
his mouth for the purpose of expanding the fluid. 
The specimen hurst with great force and cut his 
mouth, and the tluid which was dischai^ed fram 
the cavity had a very disagreeable taste. 

In the gems which are peculiarly appropriated 
for female ornaments, cavities containing the ex- 
pansive fluid frequently occur, and if these cavi- 
ties should happen to he very near the surface or 
the edge of the stone, the fever heat of the body 
might be sufficient to hurst them with an alarming 
and even dangerous explosion. I have never 
heard of any such accident having occurred; but 
if it has, or if it ever shall occur, and if its natu- 
rally marvellous character shall be heightened tar 
any calamitous results, the phenomena describeS 
in the preceding pages will strip it of its wonder. 

There are no facts in chemistry more interesting 
than those which relate to the changes of coIoutj 
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whirl) are produced liy the mixture of fluid?, I^^H 
to the creRticiii of brilliant colours by the combial^^l 
tioii of bodies in which no colouring matter is vistH' 
blc. Fcitta of this kind are too common and too 
geneiall; known to require to be noticed in a, work 
like ihiB. The art of producing such changes 
waa known to some of the early impostors, who 
endeavoured to obtain amiraciilouB sanction to their 
particular dogmas. Marcos, the head of one of the 
Beets that wished to engraft pagnniam upon Chris- 
tianity, IB said to have filled three transparent 
glasses with white wine, and while he prayed, the 
wine in one of the glasses became red like blood, 
that in another became purple, and that in the 
third sky-blue. Such trail sformations present no 
difficulty to the chemist. There are several Huids, 
such aa some of the coloured juices of plaute, 
which change their colour rapidly and without any 
additional ingredient ; and in other cases, there 
would be no difficulty in making additions to fluids 
which should produce a change of colour at any 

■ rcijuired instant. 
A very remarkable experiment of an analogous 
natuie has been publicly exhibited in modem 
times. I'rofessor Beyruss, who lived at the court 
of the Duke of Brunswick, one day pronounced to 
his highness that the dress which he wore elioulil 
Jnring dinner become red ; and the change acta- 
^_ ally took place, to the astonishment of the prince 
^^U and the rest of his guests. M, Vogel, who has 
^^M recorded this curious fact, has not divulged the 
^^K secret of the German chemist; but he observes, 
^^Ai^at if we pour lim6-"«a.te( mSJi xVt^iaw, «it' heet- 
^Hteof, we shall ohtain a co\<iOT\e»& ^^ili^-. w^i-^Iea*- 
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I' piece of white cloth dipped in this liquid a 
dmd rapidly, will in a few hours become red by t 
mere contact of air. M. Vogel is also of opini 
that this singular effect would be accelerated i 
an. apartment where champagne or other fl 
charged with carbonic acid are poured oul 
lib uii dance. 

Among the wonders of chemistry we must n 
ber the remarkable effects produced upon the 
human frame by the inhalation of yaradise or ■ 
intoiicaling gas, as it has been called. This ga» j 
is known to chemiHts by the name of the nilrovt * 
oxide, or the gaseous oxide of azote, or the pro^ 
ioxide of idtrogen. It differs from atmospheriff 
air only in the proportion of its ingredients, atmo- 
spheric air being composed of twenty-seven poitB 
of oxygen, and seventy-three of nitrogen, while the 
nitrous oxide consists of thirty-seven parts of osy- -I 
gen, and sixtj'-Beven of nitrogen. The most con* | 
Tcnient way of procuring the gas is to espose 
nitrate of ammonia in a tubulated glass retort to 
the heat of an Aland's lamp between 400° and 
500° of Fahrenheit. The salt first melts; bublilea 
of gas begin to rise from the mass, and in a short 

I linie a brisk effervescence takes place, which coa- 

"aues till- all the salt has disappeared. The pro*-4 

Kts of this operation are the nitrous oxide anA J 

er, the watery vapour being condensed in Ihe ' 

Ie of the retort, while the gas is received over 

The gaa thus obtained is generally whitt, 

d hence, when it is to be used for the purposes 

^-of respiration, it should remain at least an hour 
over water, which wiU a\isoTVi tVt wmSX op»s&«^ 
of acid and of nitrate of amwioma. V&vi^ *^^'«*''^ 
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it. A pound gf the nitrate of amnionia ivill in'fl 
way yield five cubic feet of gas fit for the purp " 
of inhalation. 

ItWBH diBCOvered liy Sir Humphry Duvy, that 
this gas could be safely tuken into the lungs, nnd 
that it was capftble of auppoiting respiration for a 
few minutes. In making this experiment he was 
surprised to find that it produced a eiugular epecieH 
of intoxication, which he thus deacribes: "I 
breathed," says he, " three quarts of oxide from 
and into a silk bag fur more than half a minute 
without previously closing my noBC or exhausting 
my lungs. The first inspiration caused a slight 
degree of giddiness. This was succeeded by an 
uncommon sense of fulness in the head, accompa~ 
Bied with loss of distinct Beusation and voluntaiy 
power, a feeling analogous to that produced in the 
first stage of intosication, but unattended by plea- 
Burahle sensationB," In describing the effects of 
another experiment, he says, " Having previously 
closed my nostrile and exhausted my luugs, I 
breathed four quarts of nitrous oxide from and into 
a silk bag. The first feelings were similar to those 
produced in the last experiment, but in leas than 
half a minute, the respiration being continued, 
they dimiuiBhed gradually, and were succeeded hy 
a highly pleasurable thrilling, particularly in the 
chest and the extremities. The objects around me 
became dazzling, and my hearing more acute. To- 
wards the laBt respiration the thrilling increased, 
the sense of muscular power became greater, and 
at last an irresistible propensity to action was in- 
dulged in. I recollect but indistinctly what fol- 
lowed; I knew that my motions were varied and 
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violent. These effects very rarely ceased after I 
reapiratioH. In ten minutes I had recovered n 
natural state of mind. The thrilling in the e: 
treimtiea continued longer thau the other Bcnga* I 
tioTia. This experiment was made in the mi 
ing ; no languor or eshaustion waa consequent, my 
feelings through the day were &e usual, and I 
passed the night in undisturbed repose." 

In giviug an account of another experiment with 
this gaa, Sir Humphry thus describes his feelings ; 
" Immediately after my return from a long jour- 
ney, being fatigued, I respired nine quarts of ni- 
trous oxide, having been precisely thirty-three day a 
without breathing any. The feelings were differ- 
ent from those I had esperienced on former expe- 
riments. After the first six or seven respirations, 
I gradually began to lose the perception nf exter- 
nal things, and a vivid and intense recollection of 
some former experiments passed through my 
mind, so that I called out, ' What an annoying 
concatenation of ideas!' " 

Another experiment made by the same distin- 
guislied chemist was attended by still more rem ark- 
ahle results. He was shut up in an air-tight 
breath in g-hox, having a capacity of about nine 
and a half cubic feet, and he allowed himself to be 
habituated to the eicitement of the gas, which was 
gradually introduced. After having undergone this 
operation for an hour and a. quarter, during which 
eighty quarts of gas were thrown in, he came out' 
of the box and began to respire twenty quarts of 
unmingled nitrous oxide. " A thrilling," says he, 
** extending from the chest to the extremities,^ 
almost immediately produced. I felt a seQse 
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tenable cstenaioD, highly pleasnTable 
kinil ; my visible impreauonB were dazzling »ni 
apparently magnified ) I heard diEtinctly every 
Bound in tlie fwom, and was perfectly aware of my 
sitnation. By degrees, as the pleaaurable sensa- 
tion increased, I lost all connexion with external 
diings ; trains of vivid visible im^es rapidly 
passed through my mind, and were connected with 
words in such a manner as to produce perceptions 
perfectly novel. I existed in a world of newly 
eonnected and newly modified ideas. When I was 
awakened from this same delirious tronce by Dr. 
Kinglake, who took the hag from my mouth, inr 
dignation and pride were the first feelings 
duced by the sight of the jiersone about me. 
emotions were euthusiastic and sublime, and 
moment 1 walked round the room, perfectly 
gardleKB of what was said to me. Ab I recovered 
my former state of mind, I felt an inclination to 
communicate the discoveries I bad made during 
the experiment. I endeavoured to recall the ideas ; 
tiiey were feeble and indistinct. One recollection 
of terma, however, presented itself, and with tha 
most intense belief and prophetic manner I ex- 
claimed to Dr. Kinglake, ' Nothing exists hut 
thoughts ; the universe is composed of impres- 
sions, ideas, pleasures, and pains !' " 

These remarkable properties induced several 
persons to repeat the experiment of breathine this 
exhilarating medicine. Its effects were, as might 
. have been expected, various in diHerent indivi- 
t duals; butits general effect was to produce in the 
,raveat and most phlegmatic the highest degree of 
jclularation and happiness, unaccompanied with 
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lauguor or depression. In some it created 
irreHiatihle diBpoaition to laugh, nnd in otiiere 
proijenaity to muscular exertion, lu Bome it im- 
paired tlie intellectual fanctions, and in Beveral 
had no aenaible effect, even when it was breath) 
in the ]j«rest state, and in cimsiderable quantitii 
It would be an inquiry of no alight interest 
ascertain the iufiuence of this gas over persons 
various bodily temperanieuta, and upon mini 
varying in their intellectual and moral character. 

Although Sir Humphry Davy csperienced no 
unpleasant efTecta from the inhalation of the nitrouB 
owde, yet such effects are undoubtedly produced ; 
and there is reason to believe that even jjermauent 
changes in the constitution may be induced by 
the ogieration of thia remarkable stimulant. Two 
very intcreating cases of this kind presented them- 
selves to Professor Sillimao, of Yale College, when 
the nitrous oxide was administered to some of hia 
pupils. The students had been in the habit, fot 
several years, of preparing thia gas, and adminis- 
tering it to ouc another, and these two case 
the only remarkable ouea which deserved 
recorded. We shall describe them in Profess 
Silliman'a own words :— 

" A gentleman, about nineteen yeara of age, 
a sanguine temperament, and cheerful temper, 
and in the most perfect health, inhaled the uaual 
quantity of the nitroua oside, when prepared ia 
the ordinary manner. Immediately his feeliogi 
were uncommonly elevated, so that, as he 
prcsBcd it, he could not refrain from dancing 
shouting. Indeed to sucli a deg;rce was he excited^ 
f that he was thrown iutoa frifrhtful fit of delirl 
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snii his cxertiims became eo violeat, that al 
while he sunk to the earth exhausted, and 
remuinecl, until having by tjuiet in some degree 
recovered his strength, he again aroae, only to 
renew the moBt convulsive muscular efibrts, and 
tbe mast piercing screams lind cries; within a 
few moments, overpowered by the Intensity of the 
paroxyam, he again fell to the ground, apparently 
eenEeless, and panting vehemently. The long 
continuance and violence of the affection alarmed 
his companions, and they ran for professional 
assistance. They were, however, encouraged by 
the person to whom they applied to hope that he 
would come out of bis trance without injury ; but 
for the space of two hours these symptoms con- 
tinued; he was perfectly unconscious of what he 
was doing, and was in every respect like a maniac. 
He BtatcB, however, that his feelingi vibrated be- 
tween perfect happiness and the most consummate 
misery. In the course uf the afternoon, and after 
the first violent effects had subsided, he was com- 
pelled to lie down two or three times from escessive 
fatigue, although he was immediately aroused upon 
any one's entering-the room. The effects remained 
in a degree for three or four days, accompanied 
by a hoarseness, which he ottrihuted to the exer- 
tion made while under the immediate influence of 
the gas. This case shouhl produce a degree of 
caution, especially in persons of a sanguine tem- 
perament, whom, ranch more frequently than 
others, we have seen painfully, and even alarm- 
"' ' affected." 

iC other case described by Professor Sil 
9&a that of a man of mature age, and of a 
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and respectable character. " Fornearlylwo years 
previous tn his taking the gas, his health had 
been very delicate, aud hie mind frequently glciomy 
and deprcEsed. This was peculiarly the case for 
a few days inimcdiBtcIy preceding that time; and 
hiE general state of health was such, that he ivas 
obliged almost entirely to discontinue Kia studies, 
and was about to have recourse to medical aEsint- 
ance. In this state of bodily aud mental debility, 
lie inspired about three quarts of nitrous oxide. 
The consequences were, an astonishing invigora- 
tion of his whole system, and the most exquisite 
perceptions of delight. These were manifested by 
an uncommon disposition for pleasantry and mirth, 
and by extraordinary muscular power. The effects 
of the gas were felt without diminution for at least 
thirty hours, and in a greater or less degree for 
more than a week. 

" But the most remarkable effect was that vpon 
the organs of tasle. Antecedently to taking the 
gas, he exhibited no peculiar choice in the articlt 
of food, but immediately subsequent to that 
lie mariifcsted a lasle for such things only a. 
sweet, and for several days ale nothing hiit 
cake. Indeed this singular taste was carried 
euch eacess, that be used sugar and molasses, 
only vpon his bread and bulter, ajtd lighter foodf,] 
but upon Ids meal and vegetables. Thos he conrV 
tinues to do even at the present time ; and alUiough 
eight weeks have elapeedsince he inspired thegas, 
Lc is still found pouring molasses over beej", fish, 
poultry, potatoes, cabbage, or wlialever ammal or 
vegetdUe food is placed before Mm. 

" His health and spirits since that time have^ 
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been uniformly good, and he attriboteB the n 
ration of Iuh strength and mental energy ii 
influence of the nitious oxide. He is entirely 
regular in his mind, and now experiences oo un- 
conimnn exhilaration, but ie habitually clieerful, 
while before he was hb babitaally grave, and even 
;o a degree gloomy." 

Such is a brief and a general account of the 
irin(;ipul phenomena of Nature, and the most re- 
markable deductions of science, to which the name 
of Natural Magic has been applied. If those who 
faave not hitherto sought fur inHtiniction and amuse- 
ment in the study of the material w.orld, shall have 
found a portion of either in the preceding pages, 
they will not fail to extend their inquirieB to other 
popular departments of science, even if they are 
less marked with the attributes of the marvellouB. 
In every region of apace, from the infinitely dis- 
tant recesses of the heavens to the " dark unfa- 
thomed caves of ocean," the Almighty has erected 
monuments of miraculous grandeur, which pro- 
claim the power, the wisdom, 'and the beneficence 
of their author. The inBOriptions which they bear 
— the hand-writing which sliines upon their walls 
— appeal to the understanding and to the affec- 
tions, and demand the admiiatiun and the gratitude 
of every rational being. To remain willingly igno- 
rant of theee revelaiiona of the Divine Power is a 
crime next to that of rejectiug the revelation of 
the Divine Will. Knowledge, indeed, is at once 
the handmaid and the companion of true religion, 
'^jey mutually adoni a.rvi wi'^'^tV «\riQ. olWi ■, aud 
•.yoiid the imiuediaAe cwAe sil wk *fcwi^ra &5jSvm.» 
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they are the only objects of rational ambition. 
While the calm deductions of reason regulate the 
ardour of Christian zeal, the warmth of a holy 
enthusiasm gives a fixed brightness to the glim- 
mering lights of knowledge. 

It is one of the darkest spots in the history of 
man, that these noble gifts have been so seldom 
combined. In the young mind alone can the two 
kindred seeds be effectually sown; and among 
the improvements which some of our public insti- 
tutions require, we yet hope to witness a national 
system of instruction, in which the volumes of 
Nature and of Revelation shall be simultaneously 
perused. 

D, Brewster. 
Allerly, Jprii 24M, 1832. 



THE END. 
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